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MEMORANDUM

June 13, 1990

Participants at TFW Field Monitoring Training
Pack Forest June 6-7- 8, 1990.

Steve Ralph, Monitoring Project Coordinator

Errata and comments to monitoring field methods and data sheets.

This memo is being sent to all of those attending the recent field methods training session in the hopes of
clarifying the instructions and carrecting errors in the field forms and instruction manual. Also enclosed are

the fol

Specif
follows.

owing items that should aid in understanding the methods more thoroughly:

1. Figures from Dunne and Leopold (1978) to illustrate bankfull width and channel cross sections;

2. Figure 1 and Figure 2 of simulated stream showing habitat units, unit categorization, and
horizontal control survey showing distances and azimuth.

3. Horizontal Control Survey data sheet (Form #2) filled out to match simulated stream in Fig. 1 &
2,

4. Synopsis and summary table for diagnostic features of valley segments and the detail of
combinations of these features to distinguish among the 18 valley segment types;

5. Asheet showing TFW Affiliation Codes for use with the data sheet Form 1;

Revised pebble size categories with "mm" corrected to read "cm”.

7. Revised code sheet for habitat unit codes.

[=2]

ic comments and changes are referenced to the corresponding form and section in the manual, as

FORM 1. VALLEY SEGMENT SUMMARY

Write the specific details to locate the beginning and ending turning points in the block provided on
Form L. Give at least two (at best, three) references to these so that the', can be relocated in the
future.

The 'discharge” is entered here from that measurement done at the beginning of the habitat unit
survey. You only need to do a new discharge measurement everyday of the habitat unit survey when it
has rained since you began the survey or when the survey takes more than five days to complete.

FORM 2. HORIZONTAL CONTROL SURVEY

Percent Gradient - This is only measured at those locations where bankfull width/depth
measurements are made, usually within a riffle. In these cases, gradient is taken for only the unit
occurring at the bankfull location, not the minimum 100 feet upstream and downstream as suggested

in the manual.

Bankfull Width/Depth Measurements - Take a minimum of three such measurements per segment,
even if the segment is less than a mile in length. As a rule of thumb, we need at least three such

measurements per mile of stream surveyed. More than three would be nice. The reason the data

sheet contains a bankfull width/depth entry for every turning point is that we want to know the tuming




points encompassing the bankfull measurement, when it is made. So, in practice most of the spaces

for bankfull width/depth associated with turning points will be left blank, and will only be filled in
when a suitable site is located.

3. Bankfull Channel Definition,

The confusion regarding where to observe and take a bankfull measurement is largely a function of
the variety, of conditions seen in the field. The attached figures (Dunn and Leopold 1978) should help

to clarify the determination of bankfull width. Their definition for bankfull condition is when the

water fills the channel completely or is at bankfull stage, its surface is level with the floodplain.

Richards (1982) in Rivers: Form and Function - defines the bankfull condition ... which is normally
defined up to the level at which overbank flow occurs - the "bankfull" section. Keep in mind that you
may ha;'e to be selective where you choose to measure bankfull width/depth - so use your judgement.

4. Turning Points - Please note a typographical error on Form 2 in regards to the numbering of tuming
points and again under the 'distance" entry space provided, Ignore all n +i notation on the data forms.
Start the horizontal cgntr01 survey at the beffinning 9f the segment with turning point number "0, and
measure distance and compass bearing t0 JUrning Point nUMber L. In sequence the tuming points

should be entered on the same horizontal ling on the data sheetas0to 1, then 1t02,2t03,3t0 4,
... il you reach the end of the segment. Since itis too late to change the field forms (they are being
printed now), just make the mental correction so as not to be confused about this error when it shows

up on the official forms.

5. Turning Point Distances - This refers to the distance between one point and the next point established
upstream. Again the designation of TP nto TP n + 1, etc. just attempts to refer to the distance
between the turning points noted above, and as such should be treated the same (i.e ignore all n+i
notation). It was pointed out during the training, that the spaces provided for entering distance
etween wrming points can be filled out one of two ways: either the distances can be cumulative (that
is the distance between two points is added to that between successive pairs of points), or the distance
from one point to the next is recorded, with the first box on the data sheet always reading "0". See
Figure 2 and examples from attached data sheet. As some of you pointed out, it doesn't really matter
which way you do this, all we're interested in is the distances between two points. We will calculate
the approximate length of all turning points during the data analysis. But if you find it easier to use
the hip chain and keep a cumulative running length between points, that is fine. If the string breaks
between points, simply zero it out at the downstream turning point and continue upstream to the next
tumning point.

Azimuth Bearings - These should be made with the compass set at the proper declination (degrees
east to compensate for influence of magnetic anomalies) ,rod thus entered as true or adjusted

bearings. Refer to corresponding USGS topographic map for correct declination for the area within
which you are working.

7, Discharge is entered from Form 4 after it is taken for purposes of the habitat unit survey.

Form 3. Mass Wasting and Substrate

I. Discharge - Again is entered from Form 4.

2. Mass Wasting "length" means height of slope failure.

3 Pebble counts are done at locations where bankfull measurements are taken (usually riffles), and to
ensure that we have an adequate number of pebble counts in each segment, are taken again at the first




riffle location upstream of that unit where bankfull measurements were made. If you want to do the
second or third riffle (or whatever interval), that is fine as long as the number of different sites where

substrate pebble counts are made is at least twice the number of bankfull measurements completed by
the end of the segment survey. If you note dramatic changes in substrate sizes within a reach (e.g.

from gravel to cobble/boulder), get at least three pebble counts in each part of the segment.

4. Substrate particle size catergories listed on page 23 of the manual and in Appendix B are given in both
English and metric equivalents. All of the metric equivalents are mislabeled as "ram" (millimeters).
They should read "cm" (centimeters), e.g. large cabble at 25 to 50 inches = 64 to 128 cm.

Embeddedness - Only give one embeddedness rating per entire riffle site at which pebble counts are
made. Do this after the pebble count is completed because by then you should have a pretty good idea
of the % embeddedness that appears for the whole unit, on the average.

Forms 4A and 4B - Habitat Unit Survey

Unit Number - Enter a sequential number for every habitat unit encountered. This is simply a way of
numbering the units found within a segment as you progress upstream during your survey. If, for

example the first unit you encounter is & low gradient riffle. This is unit number 1 (one). Simply enter

one in the space provided under unit number and darken in the circle below that corresponding to that

number. Four spaces are provided in case you exceed 1000 units during your segment survey. The
second unit may be a slip face cascade. This is entered at unit number 2 (two). See the accompanying
data sheet sample filled out.

2. Habitat Unit Dimensions

a. Habitat Width - Estimate (or measure) average width of a unit by dividing the unit along its long
axis into three imaginary sections, and approximate (or measure) the unit width at these locations.

Determine the average of these three widths and record on the data sheet.

b. Habitat Depth - Determine average depth for all units except cascades and rapids. This is done

similarly to width above, but more measurements may be needed at larger units. Enter average depth
in category marked "Depth (I)" on Forms 4A and 4B. For pools, the crest or outlet depth of pools is

entered under "Depth (1)", and the maximum depth of the pool is entered under "Depth (2)".

Obstructions - Note that a change should be made under the choices for obstructions to allow for
"root wads" acting as obstructions within the channel that act to form pools. On the Habitat Unit

Code sheet (attached revised version) note the change in code #8 from “other" to "root wad", width #9
added to account for ‘other".

4. Unit Category - There was some confusion about when to use the "side channel” category. This is
when a branching occurs off of the main channel, which carries less than half of the entire flow. Note
allunits that occur within this side channel, but don't bother to distinguish between those units
occupying either > 50% or < 50% of the wetted width of the channel (i.e. ignore the fact that they
may be linked or nested; see Figure 1). For our purposes, islands only occur in 7th order and larger
(i.e. really big) rivers. Therefore, don't worry about whether you have islands or side channels; they
will all be coded as side channels in these surveys.

5 Habitat Unit Type

a. Eliminate SDC or Secondary Channel as a habitat type because it is redundant to the unit
category discussed above.

b. Add SSF to refer to subsurface flow or dry channels



Substrate Particle Size Codes have been changed to correct the earlier error regarding the metric
equivalents.

Large Woody Derbis

a. Size classes - two size classes will be used again this year in distinguishing among woody debris.
"Small" woody debris ranges in size from a minimum of 8 to 20 inches diameter, while "large" woody

debris is greater than 20 inches in diameter. A minimum length of 10 feet must be met before a piece
can be counted.

b. Logjams - Since a separate category is not provided for logjams, we ask that you estimate the

number and size of pieces of woody debris within a jam.

Seral Stage - Note that a "young" seral stage has been added (coded as #5) to account for stands
intermediate to "pole" and "mature timber" stages. The code number for these stages changes to 6 and
7, respectively.






TABLE 2. CLASSIFICATION OF STREAM BEDLOAD (SUBSTRATE) BY PARTICLE SIZE.

T/F,]W Stream Ambient Monitoring Field Manual

PARTICLE DIAMETER SIZE SEDIMENT
> 50 inches (128cm) houlder
25050 in. (64-128cm) large cobble

1210 251in. (32-64cm)
6to 121n. (16-32cm)
3to6in. (8-16cm)
1610 3in. (4-8cm)

medium cobble
small cobble
coarse gravel

medium gravel

0.8to 1.6in. (2--4cm) small gravel
04100.8in. (1-2cm) pea gravel
0.2t00.4n. (0.5-1cm) coarse sand
0.100.2n. (0.25-0.5cm) medium sand
0.05t0 0.1in. (0.125t0 0.25 cm) fine sand

B. Gravel Embeddedness

Embeddedness rates the degree that the larger particles (boulder, rubble, or gravel) are
surrounded or covered by fine sediment. The rating is a measurement of how much of the surface
area of the larger size particles is covered by fine sediment (slit or sand). We have not included an
additional rating that would describe the nature of the embedding material (sand or silt) at this time, but
may include this in subsequent years. An embeddedness rating should allow for some qualitative
evaluation of the channel substrate suitability for spawning, egg incubation, and habitats for aquatic
invertebrates, and young overwintering fish. The rearing quality of the instream cover provided by the
substrate can be evaluated also. As the percent of embeddedness increases, the biotic productivity is
also thought to decrease.

This estimate of embeddedness will be done at the riffle locations selected for the
characterization of the bed material, as described above. To enhance one’s judgement in making this
rating, remove a particle of bed material and try to estimate as a % how much of the vertical dimension
of the particle was embedded by sand or silt. Usually, a distinct line can be seen on the surface where
the portion not embedded was exposed to flowing water. Classify the percent embeddedness

according to the following rating, and mark the data sheet accordingly:

CODE
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HABITAT UNITS AND CATEGORIES
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VALLEY SEGMENT DIAGNOSTIC
FEATURES KEY

Mapping symbol:

Alphanumeric code used to delineate valley segment on maps

VALLEY BOTTOM SLOPE:

SIDESLOPE GRADIENT:

VALLEY BOTTOM WIDTH:

CHANNEL PATTERN:

CHANNEL ADJACENT
GEOMORPHIC SURFACES:

GENERAL DESCRIPTIONS:

roughly corresponds to valley bottom longitudinal
gradient measured in lengths of at least 40 times
the active channel, or bankfull width; initially
me?SéJred from topographic maps and then field
verifie

describes the cross sectional profile of stream and
valley corridor, gradients are measured for the
initial 100 vertical meters andlor the initial 300
meters slope distance; distinct breaks in gradient
are not averaged, but instead are qualitatively
addressed in descriptions

ratio of valley bottom width to active channel
width (bankfull width); valley bottom is defined as

the essentially fiat area adjacent to the stream
channel

describes overall amount of channel constraint,
degree of sinuosity, and braiding characteristic of
channel

brief listing of commonly associated geomorphic
surfaces; these are not considered definitive
criteria to identify valley segments, but are
provided for stream managers with this type of
information available

a brief narrative on lanaform, general position in
the watershed, keys to easy identification, and
keys to separate from similar segment types



Table 1. Valley botiom and sideslope geomorphic characteristics used to identify 18 valley segment types in forested lands of
Washington. Valley bottom gradient is measured in lengths oF 1000 ft. or more. Sideslope gradient characterizes the hillslopes
within 1000 horizontal and 300 vertical ft. distance from the active channel. Valley bottom width is a ratio of the valley bottom
width to active channel width. Stream order as defined by Strahler (1957). Valley segment type name include alphanumeric

mapping codes in boldface.

Valley Valley Side- Valley

Segment Bottom Slope Bottom Channel Stream

Type Gradient Gradient  Width Pattern Order Landform and Geomorphic Features

Fl - <.5% <5% > 5X unconstrained; highly any occur at mouth of streams on estuarine flats in and just

Estuanne sinuous; often braided above zone of tidal influence

Delta

F2 - Alluviated <1% >5% >5X unconstrained; highly any wide floodplains typically formed by present or historic

Lowlands sinous large rivers within flat to gently rolling lowland
landforms; sloughs, oxbows, and abandoned channels
commonly associated with mainstem rivers

F3 - Wide <2% <5% > 5X unconstrained moderate  any wide valley floors bounded by mountain slopes;

Mainstem Valley to high sinuosity; braids generally associated with mamstem rivers anc the

common tributary streams flowing through the valley floor;

sloughs and abandoned channels common

F4 - Alluvial/ 1%-3% < 10% >3X variable; gencrally 14 generally occur where tributary streams enter low

Colluvial Fan unconstrained gradient valley floors; ancient of active atluvial /

colluvial fan deposition overtying floodplains of larger,
low gradient stream segments; siream may actively
downcut through decp alluvial fan deposition

YT



Table 1 continued. Valley bottom and sideslope geomorphic characteristics of 18 valley segment types.

Valley Valley Side- Valley .

Segment Bottom Slope Bottom Channel Stream

Type Gradient Gradient  Widih Pattern Order Landform and Geomorphic Features

FS - Gently <2% < 10% 1-2X moderately constrained;,  1-3 drainage ways shallowly incised into flat {0 gently

Sloping Plateaus low to moderate ' sloping landscape; narrow active floodplains; typically

and Terraces sinuosily associated with small streams in lowlands, cryic uplands
or volcanic flanks

M1 - Moderate 2%-5% 10%-30% <2X constrained; infrequent 14 constrained, nasrow {leodplains bounded by moderate

Slope Bound mcanders gradienl sideslopes; typically found in Jowlands and

- foothills, but may occur on beoken mountain slopes and

volcano flanks

M2 - Alluviated, <2 < 5%, 24X unconstrained; moderale  1-4 active floodplains and alluvial icrraces bounded by

Modecrate Slope gradually to high sinuosity moderate gradient hillslopes; 1ypically found in

Bound increase to 30% fowlands and foothills, but may oocur on broken
mountain slopes and volcano flanks

V1 - V-Shaped, 2%-6% 30%-70% <2X constrained >2 deeply incised drainage ways with steep competent

Moderate sideslopes; very common in uplified mountainous

Gradient Bottom topography; kss commonly associated with marine or
glacial outwash terraces in lowlands and foothills

V2 - V-Shaped, 6%-11%  30%-70% <2X constrained >2 same as above, but valley bottom longinxdinal profile

High Gradient stecp with pronounced stairstep characteristics

Boitom

ST



Table 1 continued. Valley bouom and sideslope geomorphic characteristics of 18 valley segment types.

Vailey Valley Side- Valley
Segment Bottom Slope Bottom Channel Stream
Type Gradient Gradient  Width Pattern Order Landform and Geomorphic Features
U3 - Incised U- 6%-11%  steep channel  <2X moderately constrained  2-5 channel downcuts through decp valley bottom glaciat till,
Shaped Vailey, adjacent slopes, by uncensolidated colluvium or coarse glacio fluvial deposits; cross
High Gradient decreases to material; infrequent scctional profile variable, but generally weakly U-shaped
Bottom < 30%, then short flats with braids with active channel vertically incised into valley fill
increases 1o snd meanders dcposits; immediate sideslopes composed of
> 30% unconsolidated and often unsorted coarse grained
deposits
U4 - Active 1%-T% iniially < 5%, <4X unconstrained; highly -3 stream corridors direcily below active alpine glaciers;
Glacial Outwash increasing to sinuous and braided channel braiding and shifting common; active channel
Valley > 60% nearly as wide as valley bottom
HI1 - Moderate 3%-6% > 30% <2X constrained 1-2 smati drainage ways with channels slighly to moderalely
Gradient Vallcy eatrenched into mountain toeslopes or headwater basins.
Wall / Headwater
H2 - High 6%-11% > 30% <2X constrained; stairstepped  1-2 small drainageways with channe!s moderalcly
Gradient Valley entrenched into high gradient mountainslopes or
Wall / Headwater headwater basins; bedrock exposures and oulcrops
common; focalized alluvial/colluvial terrace deposition
HJ - Very High 1%+ > 60% <2X constrained; stairstepped  1-2 small drainage ways with channels moderately

Gradicnt, Valley
Wall / Headwater

catrenched into very steep mountainslopes or headwater
basins; bedrock exposures and outcrops frequent

LT



TFW Ambient Monitoring

AFFILIATION CODES

78 UNDEFINED

54
59
02
03
58
04
05
69
70
06
66
55
07
52
08
09
10

43
11
12

AMSC

AMSC-U.W./CSS

Chehalis
Chinook

CMER S.C.,Other
Colville

Cowlitz

DNR

DOE
Duwamish
EPA

Fish St. Comm.
Hoh

Hoh-Clw. Exp For
Lower Elwha
Lummi

Makah

Medicine Cr T.C.
Muckleshoot
NezPerce

13 Nisqually

51  Nisqually RMP
14 Nooksack
01 NWIFC
41  Point Elliot

40 Point No Point
15  Port Gamble
63 Public Coop.
16  Puyalllup

17  Quileute

18  Quinalt

44 Quinalt T.C
53  RMP, other
19 Samish

20 Sauk-Suiattle
56 SHAM

21 Shoalwater

45 Skagit Sy. Coop.

22 Skokomish
aa? ..

24 " Snohomish
25  Snoqualmie
46  Spokane

28
26
27
36
29
30
62
31
47
32
33
64
67
65
68
60
34
71
61
57
35
50

Squamish
Squaxin Island
Steilacoom
Stillaguamish
Swinomish
Swinomish- Ab.
TFW Cooperator
Tulalip

UCUT
Umatilla

Upper Skagit
USFS
USF'WS
USGS

U.S. Gowt, Other
U.W./CSS
Warm Springs
WDF
Weyerhaeuser
wQsC
Yakima
Yakima RMP
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FORWARD

This is version 2.0 of the Ambient Monitoring Field Techniques Manual, prepared for the 1990
field season. It contains important changes in the standardized field procedures to be used in the
Timber, Fish and Wildlife statewide monitoring project, now in its second year of field testing. These
changes are intended to enhance the reliability in the field procedures and their resultant data. The
most significant changes have been made in the treatment of inchannel bottom sediment, and in the
seguence in which certain data is collected. Information on sediment, channel geometric dimensions,
and bank and slope stability are collected during the horizontal control Survey. Habitat specific data
are collected in a subsequent pass through the segment to be surveyed. An additional change has to
do with the field forms used to record data. These have been completely redesigned to allow for the
data to be optically scanned rather than manual transcribed.

The project objectives and rationale are detailed in a document entitled Ambient Monitoring
Steering Committee Extensive Stream Survey Project Study Plan, which is available upon request. The
valley segment classification system alluded to in the document is more thoroughly described in a
separate manual, also available upon request. The valley segment serves as the basis for selection of
distinct reaches of streams within which the field methods described herein are performed.
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INTRODUCTION

This manual describes the specific field methods to be used in this the second year pilot project
for the implementation of a Timber, Fish & Wildlife (TFVV) statewide stream monitoring program. The
Ambient Monitoring Field Project is essential for successfully meeting many of the goals of the TF-W
agreement, primarily by providing reliable, consistent information on the status and trends for aquatic
fisheries habitat associated with forested streams within Washington State. The ambient monitoring
field project has been designed with the intention that it will ultimately provide this essential information
to the process of adaptive management. Reliable, up to date data on resource condition across the
state will be interpreted and the results applied to the management situation. This information will
provide a direct link to evaluating the overall effect of the new forest practice regulations - a perspective
needed for the judicious application of "adaptive management". Adaptive management is the process

that allows us to make changes in land management actions based upon an growing understanding of

the relationship between land-use activities and renewable public resources supported within streams
and forests.

A. Content of this Manual

This field manual is written for use by field personnel, affiliated staff and interested cooperators
that will be applying these methods in the field. We have included background information on key
variables to be measured as well as their methods. Many of these methods have been adapted from
existing literature in the hopes of providing reliable ways in which comparable data on key riparian
parameters can be collected in a consistent fashion. Some methods have been modified from those
presented in the first year, as these changes were felt necessary to further the reliability of the resuting
data.

B.  General Strateqy

The Ambient Monitoring Steering Committee (AMSC) Extensive Field Monitoring Workplan
(March 1990), provides the rationale and general approach to our statewide Stream monitoring field
efforts and stream segment classification scheme, Two important objectives have been identified:

to implement a broad-brush extensive survey of key physical habitat features within streams
and rivers. These variables are of particular concern because they manifest the in-channel

response to natural or man-induced disturbances occurring within the watershed; and

> totest the usefulness of delingating streams into their component valley segments hased on
recognizable combinations of key attributes. Stream segments delineated by virtue of their
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five diagnostic attributes allows for an understanding of the processes that shape the

character of the stream, and thus its in-channel habitat, These segments are the most easily
identifie large scale features of streams (Frissell and Liss 1986).

The field sampling design includes selecting streams from within the state’s component
ecoregions (Omernik and Gallant 1986) and delineating them by virtue of their component valley
segments. The working hypothesis is that through classification, an understanding of the character of
instream fisheries habitat and how it responds to land use activities and impacts (from our field
surveys) can be extrapolated from one stream segment to a similar stream segment. Key to meeting
this objective is a sampling effort to inventory the status of important physical features of streams on a
statewide basis.

Instruction in the methods and criteria for site selection, i.e., determining "valley segment types”,
was the subject of a Separate training exercise. A guide to identifying valley segment types by C. E.
Cupp, is available from the Ambient Monitoring Program Coordinator at (206) 543-3507. A listing of the
description and alphanumeric codes (revised from 1989) is included in Appendix A.

C. Backqround information on Watershed Condition

By design, our level of focus in this initial sampling effort Is at the stream "segment" level Our
understanding and future interpretation of the relationship between what we measure within the stream
segment, the natural landscape processes at work, and ongoing land use practices, is largely
dependent upon our knowledge of the unique combination of attributes and history of disturbance
within a particular watershed. A separate but related project will characterize key attributes of major
hasins within which our sampling is occurring. These include important resources and activities
conducted on the scale of watersheds, such as the following:

> basin hydrology and annual flow hydrograph,

> distribution and character of soils within the watershed,

> geologic history and geomorphic features,

> vegetation,

> the disturbance history of the basin including the pattern of forest fires, road construction
and timber harvesting, evidence of mass soil failures, debris slides or other suich events, and

> basin area.

Rivers and their component segment types within a watershed drainage system will be shaped
to varying degrees by these features and the complex processes that account for them. Knowledge of
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the context within which a system resides will undoubtedly aid in our ability to interpret linkages
hetween hasin processes and changes manifested within the stream channel.

D.  Field Data Collection Forms

The field data collection forms designed for the first year of this study have been modified
substantially. This year, field forms have been designed that will be optically scanned to automatically
transcribe the data into a computer format. By doing so, we hope to Significantly reduce the need to
edit the data entered on the forms, allow for more consistency in data entry, and for summary reports
of collected data to be produced during the current field season. Specific instructions on filling out the
corresponding field forms is included at the end of the discussion on each of the methods that follow.
The field forms are not included in this section because they are still being printed at time of
publication. Copies will be available by June 1990.

1. Form1- Valley Segment Summary Form - The front side contains entries for name and
location of stream valley segment, date of survey, WRIA number, stream order, surveyors
identity and affiiation. The back side contains entries for beginning and end points that
define distinct valley segments, Township and Range information, elevation, photographs,
and turning points.

2. Form 2 - Horizontal Control Survey Form - The front side contains entries for the segment
location header information, distances between tumning points and corresponding compass
bearings, gradient, and bankfull width and depth information. The back side has additional
space for recording turning point information.

3. Form3- Mass Wasting/Bank Cutting and Substrate Form - The front side contains entries
for recording occurrences of mass wasting or slope failures and below that are spaces for
recording lengths of bank cutting. The corresponding turning points are also recorded 10
bracket the position associated with the entry. The back side contains entries for recording
the pebble counts at selected riffles and percent embeddedness. This will be done every 300
meters at rifles such as at the nearest riffle to the points where bankfull width and depth
measurements are made.

4. Form 4A - Habitat Unit Data Form - This form is to be used at the onset of the actual habitat
unit survey. If a valley segment survey takes more than one day to complete, each
successive day of the survey will start with a Form 4A. Data for a particular day's survey is
continued on Form 4B (ee below). Stream location information is repeated in the heading
of each form; discharge or flow measurement are to be made and entered at the start of the
habitat unit survey. In addition to length, width and depth (both estimated and measured) of
individual units, other parameters are recorded that include obstructions, large woody debris
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(LWD), seral stage of riparian vegetation, land use by bank, and percent canopy closure
(measured). The back side is a continuation.

Form 4B - Habitat Unit Data Form (Continued) - This form Is a continuation of Form 4A, with
locational information recorded at top of each individual sheet. The back side continues the

field entries for habitat unit data.
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I SUMMARY DESCRIPTION OF FIELD PROCEDURES FOR EXTENSIVE SURVEYS

This field season, several important changes have been made in the way and In the sequence in
which certain methods are completed in the field, The stream course will be walked by the crew two
separate times: the first pass through involves the horizontal control survey and associated
measurements of substrate and channel geometry, while the second pass through involves an
inventory of the individual habitat units found within the wetted area of the channel ( these sampling
methods involve the visual estimation techniques refined by Hankin and Reeves (1988), described
later). For the field data collection effort, we will be conducting an extensive level that has two key

components.

A. Horizontal Control Survey

Fields approximate stream course length by establishing "turning points" and corresponding
bearings throughout the length of the valley segment; characterize substrate; channel width and depth
measurements; and occurrences of bank cutting and hillslope failures (referred to here as mass
wasting).

After consulting the appropriate maps, locate access to the segment and note this on Form 1.
Reference the beginning and end paints of the segment to some permanent feature so that they may
be relocated in the future.

1. Reference Points - The beginning and end reference points of each surveyed segment will
be marked with a rebar stake and compass bearings and distances to two fixed points will be
made. This is important for baseline horizontal distance coordinates that will help locate key
features of the aquatic habitat.
2. Channel gradient - Gradient will be verified during the horizontal control survey by shooting
a gradient upstream and downstream of the locations chosen for bankfull width and depth
measurements.
3, Substrate - Substrate will be characterized at select transects using the pehble count
method (Wentworth Substrate Particle Size Classification) at uniform riffles selected every
300 meters and associated with channel width and depth measurements {see channel
geometry section).
4, Bankfull Width and Depth - Width and depth (averaged across the channel) will be
measured at a minimum of three sites per mile of stream within a segment.
5, Channel Condition/Slope Stability - The area (length and width) of mass failures and
length of bank cutting between turning points will be noted on the data sheet provided.

Page 8
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Photos Points - Established during the horizontal control survey along the stream course,

photos will be taken at each tuming point that crosses the stream, facing upstream,
whenever possible.

B.  Habitat Unit Survey
This survey keys in on the occurrence and dimensions of instream habitat units; in-channel

obstructions, woody debris and riparian vegetation.

1. Discharge - The instantaneous rate of flow past a given cross section of the channel will be
measured at the beginning of a segment survey. This measurement will be taken at cross-
channel transects located in uniform glides or riffles to give flow as a function of depth,
velocity and wetted perimeter.

2. Habitat Unit Identiication - Each habitat unit within a segment will be classified according
to those found in the modified Bisson channel habitat units (see key to Habitat Unit Types
found in Appendix E).

3. Obstructions - When the habitat unit encountered is a pool, choose one of eight coded
categories (see code reference sheet In Appendix B) to indicate the feature that is forming
that pool

4, Habitat Unit Dimensions - The length and width of all units will be visually estimated. The
mean depth of riffle units and the crest depth and maximum depth of pool units will be
measured. In addition, a fraction of the habitat unit dimensions will be both estimated and
measured to generate a correction factor for this sampling scheme that calibrates the
estimated with the measured dimensions.

5. Woody Debris - At every habitat unit woody debris (LWD) will be counted, categorized as
logs, root wads, or debris jams, and tallied in the appropriate size and location categories.

Pieces of LWD that span more than one unit will only be counted once, even though they
occur within subsequent units.

6. Riparian Condition - For every measured unit of a particular habitat type, a canopy closure
measurement will be made; at every habitat unit, a gross characterization of the adjacent
riparian plant community seral stage will be recorded and the apparent land use by bank wil
be noted.
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IL VALLEY SEGMENT SUMMARY - FORM 1

This form is completed only once per valley segment to compile the important information
regarding stream name, location, segment type, order, unique identifier, and upper/lower boundaries
as delineated by corresponding turning points. Some of the entries cannot reasonably be filled in until
the segment survey itself has been completed (for example the tuming point and photo log). Most field
entries are self explanatory, and the discussion below focuses only on those that need some
explanation.

A_. St_ream Name

Write in the name and fill in bubbles corresponding to the letters of the name for the stream or

river as it appears on the USGS Quad Map.

B.  Valley Seqment Type
The segment type should have been determined prior to initiating the survey. Initial designations
may be in error and should be brought to the attention of the local tribal contact, or project

coordinator.

c. WRIA Number
This number must be filled out for each stream. Contact tribal coordinator for help if needed.

D.  Stream Order

Record stream order from the Quad map when determining segment type. The stream order

numbering system is a means of numbering streams as part of a drainage basin (Figure 1), where
tributaries that have no branches are designated first-order streams, second-order streams are formed
when two first-order streams join, third-order streams are formed by the joining of two second-order
streams, and so on. Some valley segment types may be found in streams of a variety of different
orders.

E. SurveyorsiAffliations
Both surveyors initials and affiliation are entered. The team member doing the estimating for a
particular segment is entered as Surveyor #1.

Page 10
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Figure 1.
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Hierarchy of stream ordering. Numbers indicate ordering of respective segments.
The watershed Is fourth-order.
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F. Reference Points

Relocation of the surveyed segments in future years is critical to meeting the objectives of this
monitoring program. The term "referencing" means to measure the distance and compass bearing to
at least two fixed objects. The beginning and end points of a segment are permanently marked with
rebar, and triangulated to fixed features such as a boulder or large tree above the high water mark,

Write the description of the reference points, distances and compass bearings in the space provided
for "access points”.

G.  Township, Range and Section

Refer to your USGS topographic maps to get the delineation.

H. WRIA Number

The Water Resource Inventory Area numbering system is to be used as the unique identifier for

the stream within which the segment survey is completed. The State of Washington WRIA map
provides the 2-igit watershed code while the stream catalogue provides a more precise 4-cligit
location code (note that in some areas a letter designation appears at the end of the four digit numeric

code). Once the valley segment code has been determined for the segment to be surveyed, it will be
paired with the WRIA number to give a unique identifying code to the stream segment.

Channel Elevation

Although channel elevation can be usefulin fixing our point on the stream, we are only using it

for relative location. Channel elevations can be determined within +/- 40 ft (12.0 m) from U.S.
Geological Survey topographic quadrangle maps with 40-ft (12.0 m) contours. Be sure to note either

feet or meters as the unit of measurement from the map.

J, Adjacent Valley Seqment Types
Note the valley segment type both below and above the segment under survey, if known.
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IV, HORIZONTAL CONTROL SURVEY - FORM 2

A Horizontal Control Survey

Essential to the success of the monitoring project Is a way of relocating sampled segments
within the stream, so that they may be resampled in subsequent years, This is done by establishing
control points along our survey path. The following discusses a method for measuring horizontal
distance between upstream and downstream points along the bank following the general course of the
stream channel. In this way a longitudinal profile of the stream can be developed and key features
noted in the survey can be relocated in future years.

As the crew progresses upstream, pick a line of sight along the stream course. One team
member walks as far as possible upstream but staying within sight of hisfher partner at the beginning
point. The distance between these two points is measured, and a compass bearing is taken to the
turning point established by the team member farthest upstream. Record the tuming point station at
the edge of the stream or bank to mark this transition. Turning points are numbered sequentially as
one progresses upstream. Distances and bearings between the points are recorded on the Horizontal
Control Survey Form, Photos of the stream channel are shot facing upstream from each turning point.
In some situations a downstream photo may also be necessary to portray the channel. Photo roll and
frame numbers are also recorded on the Horizontal Control Survey Form. (See Fig. 2.

Figure 2. Diagram of stream from horizontal control survey.
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Channel Morphology
Channel Gradient - Channel gradient is viewed by many to be the most important variable
regulating stream velocity and therefore is a concern for aquatic environment studies.
Channel gradient is defined as the change in static water surface elevation per unit length of
channel. The channel and valley sideslope gradient are important attributes in our valley
segment classification scheme. During the horizontal control survey of a segment, gradient
will be measured with a clinometer at those same locations chosen for bankfull width and
depth measurements. At those locations, we measure the difference in water surface
elevation between points located equal distances (no less than 100 feet) both upstream and
downstream from each channel cross section. The intent is to measure the average channel
gradient at the same locations chosen for bankfull width and depth measurements, not the
gradient at an individual unit.

The clinometer recommended as part of the survey equipment allows slope angles
expressed as % slope, to be read directly from the scale viewed through the sighting hole.
Field personnel should practice taking gradient measurements with a clinometer, and then
repeat using an engineering transit, if possible, to help calibrate their eye. Hand level or
clinometer readings may provide a gross but acceptable gradient measurement for the
extensive level survey we are attempting here, within 1/2 % of accuracy. Clinometer
readings of gradient generally work better for gradients in excess of 3 %, while their accuracy
decreases when the gradient is less than 1%.

The stream surveyor measuring gradient should use a reference mark on a stadia rod
or determine where their eye level falls on their partner, then send the partner upstream to
act as a "sighting mark". The surveyor then sights through the clinometer and lines up the
haidine with eye level on the upstream partner. Gradient is read in the window where the
haidine crosses the graduated scale. Gradient is best measured when both surveyors are
standing in riffles.

Channel and Riparian Features - The riparian zone is composed of two dominate features,

the flood plain and channel. The channel is further subdivided into banks and channel bed or
hottom. All of these features represent the interaction between the flow regime for the
stream, the quantity and character of sediment movement past the channel section of
interest, and the character of the materials making up the bed and banks of the stream.

Channels are shaped by impacts created by flowing ice, water and debris; so it is
logical that some relatively frequent flows dominate the channel-forming process. On the
average, flows that recur about every 2 years or less can be contained within the stream
channel, whereas greater flows may spread out onto the flood plains (depending on channel

shape). The flow that is just large enough to completely fill the channel, or so called bankfull
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flow, is the dominant flow shaping stream channels. The physical appearance (i.e.
morphology) of the channel and flood plain are all referenced to this flow level. For purposes
of aquatic environment inventory, the flood plain and components of the channel are defined
as follows:

Channel - The channel refers to that feature containing the stream that is distinct from
the surrounding area due to breaks in the general slope of the land, lack of terrestrial
vegetation, and changes in the composition of the substrate materials. The channel is made
up of stream banks and stream bottom. In this survey, use the convention of referring to the
right bank or left bank facing in the downstream direction.

The bankfull width is the width of flowing water during the channel forming flood flows
(the high flows which occur every 1 to 2 years). Bankfull width can be measured by
examining a rifle type habitat unit where the flow is confined within a fairly straight stretch of
channel and the channel flows through alluvial (stream-deposited) material. A slight berm of
material, deposited by the receding floodwaters, indicates the edge of the bankfull channel
width. Bankfull width is measured from berm to berm on either side of the channel, and
average bankfull depth is measured by stretching a line or tape from bank to bank and
averaging the measured vertical distances from this point to the stream bottom at obvious
slope breaks across the channel.

Banks - The portion of the channel cross section that tend to restrict lateral movement
of water. The bank often has a gradient steeper than 45% depending on bank materials and
exhibits a distinct break in slope from the stream bottom. Also, an obvious change in
substrata materials may be a reliable delineation of the bank,

Stream Bottom - The portion of the channel cross section not classified as bank. The
hottom is usually composed of stream sediments or water-transported debris and may be
covered hy rooted or clinging aguatic vegetation. In some geologic situations, the stream
bottom may consist of bedrock rather than sediments.

Flood plain - The area adjacent to the channel that is occasionally submerged under
water. Usually the flood plain is a low gradient area well covered by various types of riparian
vegetation.

The following cross sectional profiles (Figs. 3a, 3b, 3¢, from Platts et al. 1987)
collected on Frenchman Creek in the mountains of southern Idaho illustrate the terminology.
The cross sections are plotted using the same horizontal and vertical scales to avoid
exaggeration of channel features. Figure 3a shows a well-defined channel with obvious
breaks between the channel and the flood plain. The tops of both banks are usually close to
the same elevation and are distinct from the flood plain because of breaks in bank gradient
as shown in this example. The bottom of the left bank is very well defined compared to the
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Figure 3a. A weli-defined stream channel (downstream view).
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right bank suggesting a possible change in the composition of the substrate material at this
point. Field examination showed a very definite transition from bottom sediments to fine-
textured, organic bank materials at this point.

Figure 3b shows a well-defined channel and banks with low flows concentrated on
hoth sides of the bottom and an exposed bottom in the middle.

Figure 3c illustrates a common situation found when a cross section site falls on a
hend in the stream. In these cases, the inside of the bend is a zone of sediment deposition
and the outside is a zone of erosion from the banks. The result is an asymmetrical cross
section as shown.

Often, itis difficult to delingate the bank, especially the bottom edge, on the inside of
the bend hecause of sediment deposition. The left bank shown in the figure was delineated
on the basis of a break in grade and vegetation growth at the top of the bank and a change
from rock sediments to organic materials, plus a small grade change at the bottom of the
hank. Figure 3c also illustrates another situation that occurs with some cross sections,
especially where the bank and bottom channel on one side have a different appearance than
the opposite side, i.e. where friction forces near the bank cause erosion. However, the top of
the bank is stabilized by vegetation roots allowing the bank to undercut. Bank undercutting is
most common along the outside of bends in the channel, but is not restricted to bends. It
can, and commonly does, occur on straight channel reaches as well. Sometimes, the
undercut bank collapses, causing a stair-step appearance at the bottom of the bank as
shown on the bottom of right bank in Fig. 3e. This is true where bottom materials have a
high silt or clay content, not in gravel/sand mixtures.

Channel Geometry Measurements (Fig. 4)

a. Bankfull Width - Bankfull width and depth measurements will be made where bankfull
width can be clearly seen. The bankfull width is that area of the channel that is typically

flooded about every 2 years. Bankfull width and depth measurements are important for
determining the size of these channel forming flows as well as the width/depth ratio and

relative stabilty of the channel.

Bankfull width is best measured where the stream flow is fairly straight (such as at
riffles) and the channel is bounded by alluvial (stream deposited) material. A berm of
material deposited by the receding floodwaters identifies the edge of the bankfull channel.
The berm may be obscured by leaves and vegetation.

b. Bankfull Depth - If the channel profile is uniform, one or two measurements of depth

are usually sufficient to determine average depth. Where the channel profile is not uniform,
the ideais to take a sufficient number of depth readings to characterize the average width of

the channel. For a general rule of thumb, take one depth reading at the deepest portion of
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the channel (this is usually synonymous with the thalweg). Then take two more
measurements at locations either side of this deep point, at positions 1/3 and 2/3 of the
remaining distance across to each hank. When these numbers are averaged, add one more

depth of 0 to account for the starting point on one shore, where the water surface and the
bank or the channel meet.
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V. MASS WASTING AND CHANNEL BANK CUTTING - FORM 3, FRONT SIDE

The length of bank cutting and instances of hillslope failures (i.e. mass wasting events) are
recorded on Form 3. This is done concurrently with the horizontal control survey. During this survey,
team members should note the physical characteristics described below, estimate the area of mass
slope failures and length of bank cutting as they progress upstream.

The channel is divided into three vertical components, as shown in Fig. 4: the upper banks
include that portion of the topographic cross section from the break in the general slope of the
surrounding land to the normal high water line; the lower banks include the intermittently submerged
portion of the channel cross section from the normal high water line to the water's edge during the

summer low flow period; and the bottom includes the submerged portion of the channel cross section.

A, Mass Wasting or Slope Failur0s

Mass wasting includes landslides from adjacent hillslopes that reach the stream channel, as well
as mass soil movement adjacent to the channel, The difference between mass wasting and bank
cutting is that mass wasting affects the upper banks while bank cutting affects the lower banks. Figure
5 illustrates different types of mass failures,

Estimate the length and width associated with each mass wasting event, and note the upstream
and downstream tuming points that bracket the length traversed. The estimated length (or height) and
width of failures is recorded in the space provided.

B. Bank Cutting Frequency

Bank cutting occurs along many channels as a response to several processes that may be
acting in concert. Flows associated with large storm events, increased sediment loads that decrease
channel flood flow carrying capacity, dam break floods, and even animal grazing. Our intent is to
document the approximate length of bank cutting seen along the stream. Since right and left bank
areas are recorded separately, be sure to note the tumning points that encompass the upper and lower
houndary of the cut bank.
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Figure 4. Channel Cross Sectlon.
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V. STREAM CHANNEL SUBSTRATE - FORM 3, BACK SIDE

This important physical habitat component is accounted for by conducting a pebble count
(Wolman 1954) at selected riffle units during the horizontal control survey, This is a departure from the
visual estimation of dominant and subdominant particle sizes done during the first year of this pilot
project. The pebble count will yield information about coarse particle size distribution within selected
riffles that is more reliable and easily analyzed. The bed material that characterizes the channel bottom
is an important determinant of fish spawning and wintering habitat quality, This method is designed for
coarse sized particles and is therefore hias against very small and very large particles. A relative index

of gravel embeddedness is included to serve as an empirical assessment of the percent of fine
materials surrounding bed material.

> Boulders are stratified into two Size classes.

> Cobble stabilizes the stream hottom, provides habitat for fish rearing, and is the substrate
where much of the food for fish is produced. Cobble is divided into three size classes.

> Gravel is important for spawning, incubation of embryos, and as substrate for some aquatic
invertebrates. Gravel is distributed among four particle sizes.

> Sand (Fines) Fine sediment is separated into three classes consisting of sand (coarse,
medium and fine sediment). The reason for the separation is that the larger particle can trap

alevins in the redds, and the small fine particles decrease water flow through spawning
gravels.

The pebble count procedure involves selecting 100 substrate particles within  riffle, measuring
their intermediate axis diameter size and recording it in a corresponding Size category as seen below.
The procedure is to randomly wander over the unit and at every second step reach down without
looking and place your index finger on the particle directly beneath the toe of your boot. This particle
is removed and the middle axis is measured with a metric ruler. The actual measurement is used to
place the particle in a size category based upon a modification of the Wentworth Substrate Particle
Size Classification as noted below.

A, Particle Sizes of Bottom Substrate

The sediment particle size categories are shown in the table below; the interpretations of
boulder, rubble, gravel, and fine sediments are based on this classification. The corresponding size
code is entered onto the back side of Form 3.

Page 22
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TABLE 2. CLASSIFICATION OF STREAM BEDLOAD (SUBSTRATE) BY PARTICLE SIZE.

PARTICLE DIAMETER SIZE SEDIMENT CODE
> 50 inches (128mm) houlder 10
251050 in. (64-128mm) large cobble 9
1210 25n. (32-64mm) medium cobble 8
6to 12in. (16-32mm) small cobble 7
3to6in, (8-16mm) coarse gravel 6
16103 in. (4-8mm) medium gravel 5
0.8t0 1.6in. (2-4mm) small gravel 4
0.4100.81n. (1-2mm) pea gravel 3
0.2t004in. (0.5-1 mm) coarse sand 2
0.Lt00.2in. (0.25-0.5mm) medium sand |
0.05t0 0.Lin. (0.125t0 0.25 mm) fine sand 0

B. Gravel Embeddedness

Embeddedness rates the degree that the larger particles (boulder, rubble, or gravel) are
surrounded or covered by fine sediment. The rating is a measurement of how much of the surface
area of the larger size particles is covered by fine sediment (it or sand). We have not included an
additional rating that would describe the nature of the embedding material (sand or silt) at this time, but
may include this in subsequent years. An embeddedness rating should allow for some qualitative
evaluation of the channel substrate suitability for spawning, egq incubation, and habitats for aquatic
invertebrates, and young overwintering fish. The rearing quality of the instream cover provided by the
substrate can be evaluated also. As the percent of embeddedness increases, the biotic productivity is
also thought to decrease.

This estimate of embeddedness will be done at the riffle locations selected for the
characterization of the bed material, as described above. To enhance one’s judgement in making this
rating, remove a particle of bed mateda[ and try to estimate as a % how much of the vertical dimension
of the particle was embedded by sand o silt. Usually, a distinct line can be seen on the surface where
the portion not embedded was exposed to flowing water. Classify the percent embeddedness
according to the following rating, and mark the data sheet accordingly:
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TABLE 3. RATING AND CODE FOR EMBEDDEDNESS.

RATING DESCRIPTION

5 Gravel, rubble, and boulder particles having less than 5% of their surface covered by fine
sediment.

4 Gravel, rubble, and boulder particles having between 5 and 25% of their surface covered by
fine sediment.

3 Gravel, rubble, and boulder particles having between 25 and 50% of their surface covered
by fine sediment.

2 Gravel, rubble, and boulder particles having between 50 and 75% of their surface covered
by fine sediment.

1 Gravel, rubble and boulder particles having more than 75% of their surface covered by fine

sediment.
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VII. STREAM HABITAT UNIT DATA - FORMS 4A & 4B

The depth and velocity of the flowing water (and the habitat available for fish and other aquatic
organisms) is affected by the stream banks, channel gradient, channel form, stream bottom
composition, and discharge, i.e. the rate of water flowing in the channel expressed as cubic feet (USGS
convention) or cubic meters per second. This is why a measurement of discharge is taken at the

beginning of a habitat unit survey.

A, Stream Flow Measurement

The water and surrounding channel comprise a complex and dynamic hydraulic geometry
system where variable water flows and associated changes in width, depth, and velocity interact with
such factors as sediment transport, channel shape, bank cutting, and size of bottom materials. Fish
can respond in a number of ways to variations in these factors, depending on species, age, and time of
year.

As an independent variable driving the system, flow is an important concern for any stream
environment study. The three dimensional movement pattern of water flowing in a stream channel in
addition to daily and seasonal fluctuations makes stream flow difficult to measure and describe.

1. Frequency of Measurement - We will be measuring stream flow (discharge) at the beginning of
a habitat unit survey. The width and depth of all habitat units (riffles and side channels especially) is
intimately tied to flow levels at the time of the survey. As you progress upstream and encounter
smaller tributary streams flowing into your segment, these should be written on the survey form in the
space for notes. These should be correlated with the horizontal control stations, where possible. Note
the discharge on Form 2, as well as Forms 4A & 4B.

Additionally, if it s raining during the survey, the crew may want to drive a stake into the bank
when you take your discharge measurement, mark where the water level is on the stake and recheck
the level of the flow at the end of the day to see how much the stage or water surface elevation has
increased. If a USGS flow gauge is located within the stream system, this should be noted on the
survey form,
2. Flow - Flow (Q) is expressed as the rate of a volume of water moving past a given stream cross
section per area of water (A) in square feet times flow velocity (V) in feet per second to give the
traditional units of cubic feet per second. Because flow velocity varies greatly within and across a
channel with both depth and width, it is not possible to measure stream flow with a single
measurement of velocity. Rather, the channel must be broken into a number of partial sections (Fig. 6)
to account for variations in velocity and depth. Appendix A contains details on determining depth,
velocity and discharge. The following is a summary.
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The total discharge or flow calculation is hased on the sum of the flows for individual partial

sections as follows:

where:

n the total number of Individual sections,
Wi horizontal distance from the initial point,
i water depths for each section, and
0 measured velocity for each section.

The flow for each partial section is calculated and then summed to get the total discharge. The
number of sections used in any flow measurement depends on the variability of velocities within the
channel. Usually, at least 15-20 measurement points should be used unless the channel is extremely
regular in both bottom elevation and velocity distribution. Measurement points are taken at all breaks
in the gradient of the stream bottom and where any obvious changes in flow velocity occur within the
channel. It is advisable to space the partial Sections so that no partial section has more than 10 percent
of the total flow contained in it. Cells of equal wicith across the entire cross section are not
recommended unless the channel cross section is extremely uniform.

3. Depth at Which Velocity Is Measured - Velocity variations with depth are accounted for by
measuring flow at depths where velocity is equal to the average velocity for the water column passing
that point. Velocity at the bottom is zero and reaches a maximum near the surface of the water. The
proper depths to measure the average velocity vary with water depth as follows: If the depth is less
than 2.5 t, take the velocity measurement at 0.6 of the depth; and if it is greater than 2.5 ft,, take the

velocity reading at both 0.2 and 0.8 of the depth, and average the two readings. All depth
measurements are referenced to the water surface. Velocity is measured with a current meter attached
toa rod or cable for measuring depth. The rod is adjustable and can be set at the proper measurement
depth.

B. Terms Used To Describe Fish Habitat
To quantify and describe the distribution and arrangement of habitat units (pools, riffles, side
channels, and the like) we use unit descriptions which are modified versions of those developed by



TIF,/W Stream Ambient Monitoring Field Manual

Bisson et al. (1982, Appendix D), paired with a sampling scheme and estimation technique developed
by Hankin and Reeves (1987).

Fish habitats within streams are classified into four broad categories according to location within
the channel, pattern of water flow, and nature of flow-controlling structures. The key to distinguishing

these features and unit descriptions are included in Appendix E and Fig. 7..

1. Riffles- These units are divided into six habitat types: glides or runs, pocket water, low

gradient riffles, step pool cascades, slip face cascades, and rapids (according to increasing
velocity, and size of bed materials.

2. Pools - Pools are divided into five types: dammed pools, eddy pools, plunge pools, scour
pools, and scour holes

3. Side Channels - These include water flowing in channels separated from the main channel,
Wall-based channels and side channels that may provide fish habitat are important features
o note.

4. Beaver Ponds - A somewhat anomalous category, but because of their importance to fish,

have heen given their separate listing.

C. Position Within the Channel of Habitat Units

Individual habitat units within a given length of stream will occupy all or only part of the wetted
width, i.e. units may not only occur in series, but in parallel or even nested within each other. This
feature is accounted for by filling in the "unit category" block on Form 4A & 4B. An entry of "1"
indicates that the unit occupies more than 50% of the wetted width of the unit; "2" indicates the unit
occupies less than 50% of the wetted width; and "3" indicates the unit occurs within a side channel

irrespective of its position in the channel.

D_ Estimating Physical Dimensions of Habitat Units

A technique for quickly sampling habitat unit areas within a given stream segment has been
developed by Hankin and Reeves (1988). Appendix F gives a more complete description of this
method and it's statistical basis (Parton, unpublished). The basic approach to the estimation technique
is for members of the crew to "calibrate” their ability to visually estimate distance, by first approximating
and then measuring the distance to see how accurate they were. With a little practice, an individual
can become quite consistent and refine the precision of their "eye-baH estimate”. Systematic estimates
are made of habitat unit length and width, using these visual estimation techniques. Depths will always

be measured and averaged as this has proven to be easier and more accurate than estimating.

Page 28



Page 28 - T/F/W Stream Ambient Monitoring Field Manual

rapid
not very rough
swilt vejocity

slope >4% slip-face cascade

very rough
<} channel
width
fiow converges
step pool cascade
very rough
> 1 channel
width
RIFFLES\ steps & pools

/

low gradient riffle
faster
rougher, but
< 10% rock
protruding
shallow
pocket water
> 10% rock
protruding
glide {run)
deeper

slope 1-4%

N

lower velocity
little surface
turbulence

scour hole

constriction
<25%
_ shaliow
drawdown (flow accelerates) seour pool

/ e

spanning
POOLS

constriction

{most common)
plunge pool

fully spanning

constriction
eddy pool

downstream of

obstruction
backwater (flow decelerates)
(often < 1 channel widih)

N/

dammed pool

vpstream of
obstruction or
control

Figure 7. Key to channe! units (from Sullivan).

(HIGHEST
VELOCITY)

/N

(LOWEST
VELOCITY)



TIF/W Stream Ambient Monitoring Field Manual

Within a given segment, a team classifies habitat units according to the key provided in
Appendix E and estimates the dimensions as they proceed upstream during their inventory. The
fraction or interval of the habitat units of a particular type to be measured is based on the frequency of
occurrence of that habitat unit (which will be roughly tallied during the horizontal control Survey).

In addition, to select the actual unit to begin both estimated and measured dimensions, a
random number is selected. For example, frequently occurring units such as low gradient riffles may
have a sampling fraction of one-in-ten, if "3" is randomly selected at the starting point, and "10" is the
interval of occurrence selected to both estimate and measure, then the third, thirteenth, twenty-third ...,
low gradient riffle will be both estimated and measured. Relatively uncommon units, such as dammed
pools, may only occur a few times within a surveyed segment. In order to obtain measurements with
which to calibrate their corresponding estimates, a lower sampling fraction must be assigned to these
tess frequently occurring units.

Once the survey begins, one member of the crew is designated as the estimator. Sthe will
visually estimate and call out the length and width, dimensions for each habitat unit as the crew
progresses upstream during the survey. Depths are measured and averaged for the unit. The second

member of the team records these estimates on the data sheet, and make the determination of the kind
of unit it is.

1. Calioration - At every measured habitat unit (i.e. those units Selected by the sampling
fraction) the second crew member actually measures the above dimensions that were
"estimated" by their team partner. Under no circumstances does sihe tell the "estimator
what the actual measured dimensions are. These measured dimensions are recorded on
Form 4A or 4B in the row below the estimated dimensions they are paired with, When the
data s analyzed, a calibration factor is determined for each surveyor in order to correct the
estimated dimensions.

2. Habitat Unit Width - Stream width is an important index to measuring the quantity of
instream habitat for fish and insects, as well as the proximity of the streamside vegetation.
Stream width is the averaged horizontal distance from wetted edge to wetted edge along the
existing water surface within a habitat unit. Average stream width across a given channel unit
should be visually estimated and measured, as outiined above, and recorded to the nearest 1
foot, or metric equivalent. Total unit area will be automatically calculated as the product of
unit length times mean width. To provide consistency in measurement, protruding logs,
boulders, stumps, or debris surrounced by water are included in the measurement of the
water surface.
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Islands are not included In the measurements of habitat unit width. Any solid
accumulation of sand, rocks or other sediment protruding above the water and more than 1
ft (0.3 m) in width is considered an island. The stream width measurement ends when, on
approaching the shoreline, any material is not completely surrounded by water and water is
only pocketing between the material The wetted width of the unit on each side of the island
is summed and recorded as the width of the habitat unit. These guidelines are necessary to
obtain measurement consistency from year to year on the same stream.

Habitat Unit Depth - Stream depth is affected by stream flow, velocity, substrate, and
channel geometry. Depth Is important in the assessment of potential fish production and
hiomass per unit volume of water.

Mean channel depths at the channel unit level will be measured for every unit, Habitat
unit depth is the vertical height of the water column from the channel bottom to the water
surface, recorded to the nearest tenth of a foot, or 0.01 meter. At each pool, two depths wil
he recorded, one for the crest or pool outlet depth and one for the maximum depth of the
pool (Figure 8 and Appendix G). Depths at ather unit types are measured using the stadia
rod or ruler. Determine stream depth as the average of the measured water depths taken
across the channel unit. The stage (or elevation of the water surface at a given discharge),
and the width and depth profile of the channel bottom largely determines how many of these

measurements are needed.

Longitudinal profile showing residual depths
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Figure 8. A longitudinal profile of a reach of stream, showing the method for measuring residual

depths.
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E. Obstructions

The column labeled "obstructions" on Form 4A will account for the in-channel feature that forms
pool units only. The list of possible obstructions are listed on the code reference sheet and include
log(s), debris jam(s), standing tree, other root protected hanks, boulder(s) or bedrock.

F._ Large Woody Derbis

Trees, logging debris, stumps, root wads end similar large woody debris (LWD) that enters a
stream channel play an important role in determining both the physical character of channel units and
the suitability of instream habitat for fish and aquatic insects. The size, type and distribution of this
material changes over time, and streams of different character can accommodate differing amounts of
LWD loading. The objectives of this sampling scheme are to get a count of LWD occurring either
singly or in log jams, and how these pieces are distributed within a valley segment. This data is
entered on Forms 4a & 4b. This approach to measuring and rating in-channel organic debris is keyed
to visual estimation of habitat units. Since we want to get an accurate count of LWD, we only want to
count a piece or log jam once. So even though a stump or log may span more than one channel unit,
we only want it counted within the first unit where it is encountered.

1. Forthe first occurrence within a channel unit, count each piece of woody debris within the
bankfull channel, or each log jam when three or more pieces occur together. The total
number of pieces in the location classes (A ~ D) should be equal to the total number of logs,
root wads and debris jams within any one unit,

2. Onthe Habitat Unit Data Forms 4A & 4B, record the number of individual logs or root wads
indicated on the form. Logs should be > 10 feet long to be counted. This minimum length
can be reduced somewhat in smaller streams with less energy to transport debris. Root
wads are counted separately, and should be at least two feet in diameter to qualify as root
wads.

3. When counting the pieces of woody debris within a channel, record the number of logs or

root wads under the appropriate position column where:

A All'or a part of the woody debris occurs within the active channel, but not
within the unit
B Partialy ~in channel unit, partially outside of unit, and influencing up to 50% of
the unit
C Lies completely within the channel unit, with the log or stump mostly

submerged and anchored, and influences more than 50% of the unit.

D Spanning or bridging the channel, but not in contact with the water surface at
the time of the survey.
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Vil RIPARIAN VEGETATION - FORMS 4A & 4B

Streamside or riparian vegetation is probably the most critical vegetation on the landscape
relative to maintenance of both instream fisheries habitat and water quality. It has a large bearing on
many of the physical attributes of a stream, such as bank stability, sediment input, water velocity, and
stream temperature. These variables largely determine the character of the Instream habitat for fish
and aquatic insects. The amount of sunlight reaching the surface of the stream, which is the energy
hase for aquatic plant growth and stream temperature, is also a function of the surrounding vegetation.
In addition, riparian areas are important islands of diversity within extensive forested ecosystems.

Our approach to monitoring riparian vegetation involves measurement of canopy closure and
assessment of riparian vegetation seral stage, vegetation type as well as land use within the riparian
area.

The measurement of the canopy closure provides an indirect measurement of the degree of
shading afforded the stream by the adjacent riparian vegetation. The relative importance of canopy
closure is a function of the width of the stream, the slope, the aspect and general character of the
riparian vegetation, and the sensitivity to temperature effects, .. streams on the east side of the
Cascades may be more subject to temperature changes than those on the west side. The method
described below has been excerpted from Platts et al., 1987. Measurements of canopy closure need
only be made at every measured habitat unit or when obvious changes in adjacent forest stand
management are seen, such as in a clear-cut forest.

The second aspect involves characterizing the vegetation along the stream corridor by the
apparent seral stage of the plant communities. These visual estimates of seral stage will be made at
every habitat unit. In addition, note the apparent land-use of the adjacent area. Fill in the appropriate

hoxes on the form provided.

A Canopy Closure
A spherical densiometer is used to estimate canopy closure. Canopy closure is the area of the
sky over the stream channel bracketed by vegetation. Canopy density is the amount of the sky
blocked within the closure by vegetation. While canapy closure can be constant throughout the
season if fast-growing vegetation is not dominant, density can change drastically if the riparian
vegetation is deciduous, as is likely the case in many east-side areas subject to intensive land use
practices.
Qriginally, these methods were taken from Plaits, et al. (1987). After some field trial and error,
they have heen simplified, as indicated below. Those dealing with 5th or greater order rivers should

follow the methods in the original manual or consult Platts (1987) for details.



For streams less than 40 feet across (wetted width), simply stand in the approximate middle
of the channel unit and take four readings using the densiometer as described below; one
facing upstream, then downstream, then in turn facing the right and left bank (the order
doesn't matter as long as all four directional readings are taken). Generally, one can follow

the instructions printed on the cover of the densiometer, although some have found them
somewhat confusing.

When the channel unit width is greater than 40 feet, two additional readings (one facing
upstream and one facing downstream) should be made at both the right and left edges of the
channel unit, and the scores added to the total number of readings averaged for the entire
cross sectional site. If desired, a line or cord may be stretched across the center of the unit

within which the canopy closure measurement will be made. This line serves as the cross
channel reference point for placing the densiometer.

The densiometer is held in the hand in front of the observer, and above the water surface at
approximately waist height. The arm, from the hand to the elbow, is held horizontal to the
water surface. The densiometer is held away from the observer in the upstream direction.
The observer's head reflection should almost touch the top or battom of the grid line
(depending upon whether you are holding a concave or convex densiometer). Use the level
bubble to keep the instrument steady. Points on the grid etched into the reflective surface
will show clear sky or vegetation.

Notice that there are 24 sectors etched onto the reflective surface of the densiometer (Fig. 9).
Imagine that each sector is further subdivided into four quarters, with each quarter section

having a possible score of 1, and each etched section having a possible maximum score of
4. 1tis within these four quarters that your readings are focused. Count the sections that do

have vegetation in them, or count the sections that do not. We will explain the procedure for
both.

If there is a high degree of canopy closure, you might find it easier to count the number of

quarter sectors that appear to not have overhead vegetation in them; these are given a score
of one. There are a maximum of four paints possible within each square. When vegetation
appears within the quarter sector, it's score is zero. Assume 4 equally spaced dots in each

square on the grid and systematically count dots equivalent to quarter-square canopy
openings.
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HEAD REFLECTION
TOP LINE CROSSES
TO® OF HEAD

Figure 9. The concave spherical densiometer, showing placement of head reflection
and bubble level.
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Add up all of the scores for each of the four directions together, and divide by four (or by 8 if
readings were taken at both banks) to get an average score, and subtract this from 96 to get
a closure estimate. Multiply this averaged score by 1.04. This is entered as the percentage
of canopy closure. In cases where there is little overhead vegetation, it is easier to simply
count the quarter sections that do have vegetation in them. Scores are again averaged and
the product multiplied by 1.04 to give the percent of canopy closure.

An example is given in Fig. 9 that demonstrates this concept. You will notice that in
this example, there is some vegetation shown in the reflective surface, but generally it
appears to cover less than 50% of the overhead area reflected in the instrument. Imagine
that the ohserver is facing upstream. Counting the quarter sections within each grid mark
with vegetation in them gives a score of 39 out of a possible score of 96. Assume that
readings were taken in the remaining three directions and the scores recorded are 24, 41 and
22, respectively. Take the average of these four scores, which is = 31.5; then muttiply by
1,04 to give a score of 33 (round up). This is the % of canopy closure for the unit,

When the data is processed, we will have the program take the average of all closures
or density measurements on all transects on the Stream segment being studied. The average

percent canopy closure for the cross section is recorded on the Habitat Unit Data Form 4.
The largest value for this is 99%.

B.  Seral Stage of Streamside Vegetation

Our approach to characterizing the vegetation along the stream corridor is to record the seral or
successional stage into which it appears to fit. The attached profiles of successional stages (Fig. 10)
give a broad picture of the different kinds of vegetative community profiles that you will likely encounter
in the field. The physical appearance of the seral stage may vary somewhat depending upon where
you are in the state, but this should provide a basic guide to community structure.

Only the vegetation growing within 25 feet of the streamside edge need be included in the
observers frame of reference. The idea here is to give a general indication of the dominant stage of the
streamside plant community, be it primarily grasses, shrubs or a young mixed forest of hardwoods and
conifers. In the future, we will expand the scope of monitoring within the riparian corridor to answer
specific questions.



Page 37 TIFJW Stream Ambient Monitoring Reid Manual

Figure 10. Successional stages of flora in some forest zones in Washington.

FOREST DBH Grass Shrub- Pole- Young Mature
2ONE in tord seediing saphing
‘linches| 0-0.4 | 0.5-4.,9 |5-8.9 9-20.9 |21+
WESTERN |AGE in] 0 -6 |7 -20 |21 -35 |36 -70 171 - 120} 121+ |
HEMLOCK |]years
Douglag-fir — | Westem hemlock Western themlock
western |red cedar| (Douglag-fir i~
: seral saands or
on dry dites)
TRUE FIR |AGE in| 0 - 20| 21 - 35 {36 - 65 | 66 - 100[101-140 (141 +
MOUNTAIN jyears
HEMLCOK Douglag-fir _,| Western (hemlock Pacific silver
and/or Noble fir! Pacificisilver fi} = Ffir
Successional Stage Definitions 1/
Crass-forb: Shrubs and/or tree regeneration less than 40 percent crown cover

and less than 5 feet tall; unit may range from largely devoid of
vegetation to dominance by herbaceous species.
Shrub-seedling: Shrubs greater than 40 percent crown canopy; of any height;
trees less than 40 percent crown canopy with small diameters.
Pole-sapling: Tree crown canopy less than 60 percent.
Young: Crown canopy cover exceeding 60 percent.
Mature: Crown cover may be less than 100 percent; little decay or defect

present;minimal occurrence of understory trees; dead and down
material residual from previous stand.

Old growth; Stands with at least two tree layers (overstory and understory);
at least 20 percent of the overstory layer composed of long-lived

successional species; standing dead and down material; decay in
some trees.

1--/ Adopted from Hall, r. et al. 1982.
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1. Seral Stage Rating - Record the applicable seral stage rating on the habitat unit form for

each unit. Code the seral stage of each bank (facing downstream).

Codes:
1 =clear-cut (< or-- 5 years since harvest)
2 =grassforb
3 =shrub
4 =pole stage
5 =mature timber
6 =old growth

2. Land-Use - Ina general sense, note in the land-use column what the dominant land-use of

the area by bank, adjacent to the stream appears to be from the following categories:

Codes:
1="agricultural (row crop)
2= livestock grazing/pasture
3= timber lands
4= residential
5= right of way (roads, powerlines, etc)
6= mining,
7= riparian management zone
8= wetland
9= other (explain in comments)

s, Note onthe data sheet in the Vegetation Type field whether the riparian plant community is
(1) primaxrily decidious, (2) primarily coniferous, or (3) a mixture of each (approximately a

50:50 ratio)
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APPENDIX A.

VALLEY SEGMENT TYPES USED IN TFW CLASSIFICATION.

VALLEY SEGMENT TYPE DESCRIPTOR NEW OLD #/sgﬁgey
SYMBOL SYMBOL

ESTUARINE DELTA Fl Al 0
WIDE ALLUVIATED LOWLAND PLAINS F2 Bl 0
WIDE, MAINSTEM VALLEY F3 B2 7
aka. wide alluviated valley floor
ALLUVIAL/COLLUVIAL FAN F4 B3 4
GENTLY SILOPING PLATEAUS & TERRACES F5 Ccl/C3 0
rolling plains & plateau
MODERATE SLOPE BOUND VALLEY M1 c2 8
ALLUVIATED, MODERATE SB VALLEY M2 C4 6
INCISED U-SHAPED, MODERATE GRADIENT BOTTOM U2 D1 1
incised colluvium/till, moderate gradient

channel valley
INCISED U~SHAPED HIGH GRADIENT BOTTOM U3 D2 1
incised colluvium/till, high gradient
V-SHAPED,MODERATE GRADIENT BOTTOM Vi El 10
V-SHAPED, STEEP GRADIENT BOTTOM V2 E2 11
BEDROCK CANYON V3
ALLUVIATED MOUNTAIN VALLEY V4 E3 7
U-SHAPED VALLEY Ul F1 0
U-SHAPED, ACTIVE GLACIAL QUTWASH VALLEY U4 F2 0
VALLEY WALL/HEADWATER, MOD.GRAD.BOTTOM H1l Gl 0
VALLEY WALL/HEADWATER, HIGHGRAD.BOTTOM H2 G2 2
VALLEY WALL/HEADWATER, VERY HIGH GRAD. BOT. H3 G3 1



APPENDIX B.

UNIT CATEGORY

1) > OR = 50X WETTED WIDTH
2) UNIT < 50X WETTED WIDTH
3) OCCURS IN SIDE CHANNEL

UNIT TYPE
1) CASCADE

RPD = RAPID

SPC = STEP-POOL CASCADE

SFC = SLIP-FACE CASCADE
2) RIFFLES

PKW = POCKETWATER

GLD = GLIDE

RUN = OBVIOUS!

LGR - LOW GRADIENT RIFFLE
3) POOLS

DMP = DAMMED POOLS

EDP = EDDY POOL

PLP = PLUNGE POOL

SCP = SCOUR POOL

SCH = SCOUR HOLE

4) SECONDARY CHAKNEL
SDC = SECONDARY CHANNEL

5) BEAVER PONDS
BMP = BEAVER PONDS

OBSTRUCTIONS (FOR POOLS):

- LOG(S)

- WOODY DEBRIS JAM

- STANDING TREE

- BOULDER (S)

- BEDROCK

- RDOT PROTECTED BANKS
- BEDFORM

- OTHER*

Ll T W RV IR L P o8

*

SUBSTRATE PARTICLE SIZE CODE:

Version 2.0, May 1990

EXPLAIN IN COMMENTS SECTION)

CODE SEDIMENT SIZE

10 BOULDER >50m

g LG. COBBLE 25-50m

8 MED. COBBLE 12-25"

7 SM. COBBLE 6-12¢

6 COARSE GRAVEL 3-6m

3 MED. GRAVEL 1.6-3n

4 SM. GRAVEL 0.8-1.6"

3 PEA GRAVEL 1-2MM

2 COARSE SAND G.5-1.0MM

1 MED. SAND 0.25-0.50MM
0 FIKE SAND G.125-0.250MM

HABITAT UNIT

DE

WOODY DEBRIS LOCATION:

A = NOT WITHIN WETTED AREA
PARITALLY WETHIN UNIT
COMPLETELY WITHIN UNIT

nonomo

B
c
D = BRIDGED

SERAL STAGE:

= CLEAR CUT
GRASS/FORB
SHRUB

POLE
MATURE

OLD GROWTH

oW Bl =

VEGETATIVE TYPE:
1
2
3

(WOODY )
DECIDUOUS
CONFEROUS
MIXED

B

LAND USE:

AGRICULTURE
LIVESTOCK GRAZING
TIMBER
RESIDENTIAL

RIGHT OF WAY
MINING

RMZ

WETLAND

OTHER (EXPLAIN)

VOO N
wn s uwnnuin

EMBEDDEDNESS:

] > 75X
50 - 5%
25 - 25%
S5 - 25%
< 5%

noaownn

Vi W
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4.1 General Considerations

Discharge (rate of flow, flow) is the volume of water that flows

past a

given point per unit time [e.g., cubic feet per second (cfs)].

It is the product of the cross-sectional area of flowing water and its
velocity.

The discharge in some rivers and locations may be obtained directly
from the U.S. Geological Survey. Information requested on Form 9-207
from the U.S. Geological Survey for any station will include date,

width,

area, mean velocity, gage height, and discharge. Many stations

are now monitored by satellite, so thar this information is available

sooner

than published records. Contact the National Oceanic and

Atmospheric Administration (NOAA). This information should be related

to the

study site only if the gage house is nearby and if you can be

relatively certain that the flow in the study area is the same as at the
gage (i.e., no significant inflow or outflow between the gage and the
study area).

If access to a stream gage is not possibie or the stream flow is
not known to be the same between the gage and the study area, the dis-
charge must be measured at the study area. Because the accuracy of
discharge measurements is greatly influenced by the amount of variation

in the

cross section, the discharge should be calculated from the cross

section with the most uniform dimensions and substrate. For river
surveys, velocity measurements are likely to be made at all cross
sections, so discharge can be calculated for any of the cross sections.

If all

cross sections are highly nonuniform, it may be desirable to find

one nearby the study area exclusively for discharge measurement. The
discharge calculation should have the same number of significant digits,
based on the precision of the stream-gaging measurements.

Discharge can also be measured directly using weirs and flumes
(Bureau of Reclamation 1967), which is beyond the scope of this manual.

4.2 Channel Geometry Elements Used in Discharge Analysis

(modified from Bovee and Milhous 1%78)

The following elements are used to calculate estimated discharge:

Bottom

slope (5 ) is the change in the average elevations of the bottom

between two cross sections, divided by the distance between them.
Channel roughness {(n) is a coefficient of resistance to flow caused by

particle friction and channel features. Cross-sectional area (A) is the
area that contains water perpendicular to the direction of flow, computed
as width X mean depth of cross section. Depth (d) is the vertical
distance from a point on the bottom to the water surface (Fig. 4.1).

APPENDIX C.

4-1
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Fig. 4.1. Cross-sectional area of channel is computed as width (W) X
mean depth of the cross section. Stage is the elevation of the
water surface above a datum (plane of known arbitrary elevation)
{from Bovee and Milhous 1978).

Energy slope (S5 ) is change in total energy (potential and kinetic)
available, divided by the distance between cross sections (Fig. 4.2).
The total energy at a channel section is found with the open-channel
form of the Bernoulli equation, as follows:

H=z+d+V2/2g (4.1)

1

where H = total energy head (ft or m)
z = elevation of the bed (ft or m)
d = average depth for section (ft or m)

V = average velocity (ft/sec or m/sec)

g = acceleration of gravity (32.2 ft/sec? or 9.8 m/sec?)

4-2



For practical purposes, the terms z + d equal the water surface
elevation for a given cross section (Fig. 4.2). Thus the slope of the
energy grade line is

h2 - hl

! DATUM

Fig. 4.2. Variables used in the energy analysis of open-channel
flow (from Bovee and Milhous 1978)

(4.2)



If the assumption is made that flow in the channel is uniform, then
the bed slope, hydraulic slope, and energy slope are considered equal:

S0 = Sh = Se'

Hydraulic depth (d) is equivalent to mean depth; d = A/w.

Hydraulic radius (R) is the ratio of the cross-sectional area to
the wetted perimeter: R = A/p. For wide, shallow channels, R approxi-
mates the hydraulic depth.

Hydraulic slope (Sh) is the change in elevation of the water

surface between two cross sections, divided by the distance between the

cross sections.

Stage is elevation, or vertical distance, of the water surface
above a datum (a plane of known or arbitrary elevation).

Steady flow occurs when the depth of flow in an open channel does
not change or can be assumed constant over a specified time interval.

Unsteady flow occurs when the depth changes with time.

Thalweg is the longitudinal line connecting points of minimum bed
elevation along the streambed.

Uniform flow occurs when the depth of flow is the same at every
section of the channel. Thus, the hydraulic slope, energy slope, and
bottom slope are parallel.

Varied flow occurs when the depth of flow changes along the length
of the channel. Varied flow is classified as either rapidly or gradually
varied, depending on the distance within which the change in depth
occurs. Rapidly varied flew is manifest in an abrupt change in depth,
resulting in hydraulic jumps, hydraulic drops, and related phenomena.

The criterion for uniform or varied flow is change in depth with respect
to space.

4.3 Commonly Used Equations For Analysis of Open Channel Flows

The water surface elevation in a stream defines the cross-sectional
area of flow. If the velocity is also known, the discharge can be
calculated using the equation of continuity:

Q = AV , (4.3)
Q = discharge (ft3/sec or m3/sec)
= area of the cross-section flow (ft? or m?)
V = average velocity of flow through the cross section

{ft/sec or m/sec)

4=4



In 1889, an Irish engineer, Robert Manning, presented a velocity
equation known now as the Manning equation:

1.486
v 0 ge g

n

) (4.4)

V = mean velocity in the channel (ft/sec)

e}
i

hydraulic radius (ft)
Se = slope of the energy grade line

n = the coefficient of roughness, referred to as Manning's n.

The version of the Manning equation given as Eq. (4.4) is in English
units. If metric measurements are used for R, the term 1.486 is omitted
from the equation, and V will be given in metric equivalents to R.

Discharge may be calculated by substituting V from the Manning
equation into the continuity equation:

1.486
___Re/3 sl’z A

-

The cross-sectional area and hydraulic radius are determined .by the
cross-sectional measurements and the stage. Manning's n may then be
computed for the cross section by

1.486
R2/3 Sl/2

Q

A

Manning's n is then assumed constant in subsequent calculations
when new stages are used for new discharge estimations. Manning's n can
also be estimated in the field by experienced personnel in the field.
See section 19.5, for further discussion of the estimation of n by
observation.

4.4 Determining the Stage-Discharge Relationship

Once the stage has been determined for a certain discharge, its
elevation is used to determine future discharges. Knowing the stage,
the depth distribution is found for each cross section by subtraction of
bed elevations across the channel from the stage. Thus, if the stage

4=5



and bed elevations are known, the depth may be determined at any location
on the cross section.

A. Manning Equation, Assuming Uniform Flows

Assuming a uniform flow,the measured hydraulic slope can be used
instead of the energy slope. Flow variations caused by changes in
channel geometry are assumed to be negligible. The more uniform the

dimensions and substrate of the channel, the more reliable the results
will be.

The following elements of channel geometry are measured at two
cross sections: (1) water surface elevation (stage); (2) discharge; (3)
hydraulic slope; (4) dimensions of the channel cross section, using
partial sections (a) width and (b) depth; and (4) cross-sectional area
and hydraulic radius calculated from cross-sectional dimensions.
Manning’s n is then calculated by Eq. (6). To determine discharges at
different stages, only stage is measured in the field. All other data
can be calculated using the stage measurement and the Manning’s n is
assumed to remain constant.

B. Rating Curve

This is the most accurate method of obtaining a relationship between
stage and discharge. It requires the determination of several discharges
directly from field measurements. Stage is plotted on the abscissa and
discharge on the ordinate of log-log paper, or a least-squares equation
is calculated from these data pairs. Subsequent estimations of discharge
require only a stage measurement, which is used on the plotted curve or
in the regression equation to calculate discharge.

45 Calculations of Partial Discharge

Methods for obtaining data required for discharge calculations are
found under the appropriate chapters in this manual (Depth, Distance,
Velocity).

Referring to Fig. 4.3, you will see that data on the total channel
cross section is composed of measurements that describe partial sections.
Each partial section also has a partial discharge calculated from the
field measurements:

a] = cross-sectional area of partial section, i

w. = width of partial section, i; the distance halfway to
the previous measurement point, n - 1, plus the
distance halfway to the next measurement point,
n+1

d. = depth of partial section, i, measured at the center
of the partial section (observation point n)
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Fig. 4.3. The total channel cross section can be divided into partial
sections and a partial discharge calculated from b, d,and the
velocity in the partial section. The total discharge is the sum
of the partial discharges (from Bovee and Milhous 1978)

v, T velocity of partial section, i
q; = discharge through partial section, i
a, = w, xd
i i i
= X
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= X x
qy S Wy X4 Xy



The discharge for the entire transect is the sum of the partial
discharges:

Q=3 (Vi X W, X di) (45)

4.6 Accuracy

The accuracy of discharge calculations depends on (1) the accuracy
of methods used to measure width, depth, stage, and velocity; (2) the
number of partial sections measured; and (3) the accuracy of the

estimated Manning’s n.

Accuracy of subsequent discharge predictions depends on whether
they rely on one set of field measurements (Manning’s equation) or on a

rating curve constructed from a number of measurements.

The reliability of Manning’s equation is limited by the range of
flows of interest and the magnitude of extrapolation from the calibrated
flow to the unknown flow. Seemingly small differences between the
assumed value and the actual value for Manning’s n can introduce very
large errors into the prediction. Factors that introduce large errors
in the rating-curve method include discharge measurements too close
together and construction of a curve from only a few measurements. See
Bovee and Milhous (1978) for an analysis of error for the different
methods of predicting discharge.

4.7 Equipment

Because discharge is estimated by calculation, required equipment
for field measurements is listed under the individual variables necessary
for calculating the equations. A calculator with memory or access to a
computer should be acquired when large amounts of data are expected.

4.8 Training

Measurement of the individual variables requires different training
periods and devotion to accuracy. If the field data are on well-planned
data sheets from which calculations can be directly made, little time
should be required to explain the sequence of calculation. The calcula-
tions are simple arithmetic, but they can be tedious if done by hand.

Use of a computer package requires experience.

4.9 References

Barnes (1967), Binns (1982),Bovee and Milhous (1978), Dunne and
Leopold (1978), Gregory and Walling (1973), Bureau of Reclamation (1967).
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MEASURING STREAM DISCHARGE
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- CGbserve and recoad the stage
BDivide the distance Uledlween LEY) and REW perlodically. I moderate
dinto 20 oeubsections. I{ deeper parts of changes dn atage occur, some
the osirean are encountered, subdivisions zdfusinents auot be made in
are agaln oubdivided, Nlo moxe than 10% of Aeducing the data.

the total discharge should occur in any subdivielon.

The depth of water i3 measured at the v and the olservation depth of the
aeter Lo decided, If the depth is less than 22[eet (0.6 meter), the meter Lo set
at .6 of the depth faom the surface. When depths are greatea than 25feet, the
average of the meacurements ab .2 and ,8 of the depth—from the aurface io the
mnean velocity.

Count the number of revolutions fox elther a perlod of 50 ox 100 seconds for
ease of data reduction, : Not to scale

Xeep the citrent aeter clean, Moss and algae should not be allowed to wrap
around the epindle ox hub of propeller. Spin teosl bLefore and afler making
a otrean gaging to check for excessive {riction In the bearings.



da_ye | Vistance| Width | Depth | Curaent ) at RPS .
from Deter |Revolutions seconds Subisection
Bank Depth Area | Diacharge
(rt) (rt) {(rt) (re)| (re) (pec) (2q.ft) (cte)
1.25 o 0 Right | Edge (REW)
1.2% 1 2.9 0.7% 0.42 14 180 «14 1.87 0.87
1.25% 5 4.5 1,15 0.69 15 100 .15 5.175% 2,52
1.2€ 10 5.0 1.18 0.M 15 100 .15 5.90 2.88
1,2€ 15 5.0 1,20 0,72 16 100 16 6,00 3,06
1.25 20 5.0 1.15% 0.69 17 100 A7 5.75 3.06
1,24 25 5.0 (1.21 0,73 | 2t 100 .21 6.05 3.7
1.23 30 4.0 3.01 0.60 35 50 .70
2.41 28 50 .56 12.040 18.87
1.24 33 3.0 |4.60 | 0,92 18 50 .76
3.68 3 50 .62 13,800 23.49
1,25 36 3.0 6.40 t.28 39 50 .78
5.12 35 50 .70 19.2001 34.85
1.26 39 3.0 |7.05 1.41 48 50 .96
' 3.53 49 50 .98
5.64 37 50 14 21,180 46,72
1.25 42 3.0 6.80 1.36 45 50 - 90
3.40 48 50 .96
5,44 31 50 | .62 20.40 | 42.53
1,25 45 3.0 [4.98 | 1.00 43 50 .86
3.96 33 50 .66 14,940} 27.79
1.25 48 2.5 2.20 0.44 38 50 .76
. 1,76 29 50 .58 5.50 9,12
1,25 51 0 Left | Edge (LEW)| —————
2 139,20 | 221.28 cfel
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APPENDIX D.

A SYSTEM OF NAMING BABITAT TYPES IN SMALL STREAMS, WITH EXAMPLES

OF HABITAT UTILIZATION BY SALMONIDS DURING LOW STREAMFLOW!

Petar A. Bisson, Jennifay L. Nislsen, Ray A. Palmason
and Larry E. Grovci

Abstract.--Figh habitat in small streams is clazsified into a
number of types according to location within the channel, pattara
of water flow, and nature of flow controlliag structures. Rifflas
are divided into three habitat types: low gradient rifflass, rapids,
and cascades. Pools are divided into six types: savcaudar? channal
poocls, backwater pools, trench pools, plungs pooly, lutw:cl sewwr
pools, and dammad pools. Glides, the last habitat type, ars inter—
madiate i{n many characcariacics batwean riffles and pools. Eabitat
utilization by salmonids vas studied during sumser low streamflow
conditions in four westerr. Yrchington streams. Most age O+ coho
salmon (Oncerhynchius kigt:ch, reared in pools, particularly back-
vaters, and preferred cover provided by rootwads. A few large coho
oceupivd viffles aud soughic the cover of overhanging tarzastrial
vegetatiou sod undercut buunks. Age O+ steslhead trout (Salmo
gairdneri) selected riffles with large wood debris; while age 1+
stealhead preferred plunge, trench, and lateral scour pools with
wvood dabris and undarcut banks. Tha largest individuals of both
steelhead sge classes were found in swiftly flowing riffle habitats.
Age O+ cutthroat trout (S. clavki) prefarred low gradient tiffles
but switched to glides and plunge pools when steselhesd and coho waras
prasent, thus suggesting that they had bean competitively displacad
from a preferred habitat. Age 1+ and 2+ cutthroat prafarred back-
water pools vhen coho were absent but avoided them when cobo vers
present. Cutthroat of all age classes genarally favored cover prov-
ided by wood debris in both pool and riffle habitats.

INTRODUCTION

Identification of the important components of
stream habitat is essential Lf we are to accurat-
ely assess environmental change, understand scecl-
ogical segregation within multispacies communitias,
or determine the need for stremm eshancemant proj-
ects. Most fishes in small streans avre habitat
spacialists (Gorman and Karr 1978) and ucilize
spacific locstions within stream channals through-
out their freshwater life cyclias in response to
different spawning, feseding, and overwintaring
requirements (Northeote 1978}, Wichin the Salmon-
idae competition plays a key role in habicatr
utilizaticn vhen food is limized (Ralleberg 1958;
Keanleyside snd Yamamoto 1962; Hartman 1965;
Chapman 19664; Masom 1969; and many others) and

‘Paper presented at thea symposii= on Acquis-
ition and Urilization of Aquatic Habitat Inventory
Iaformacion (Portland, Orae., October 28-30, 1981).

Present address: Weyerhasugar Company,
Western Forestry Research Canter, Centralis,
Washington 98%31,
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such density dapendent interactions result ip hab—
{tat partitioning that facilitates ths coexistencas
of several species 485 vell as multiple aga classes
{(Roeenzwaig 1981). Habitat shifts can occur vhen
conditions unsuitable to feeding develop (Hunt 1969;
Bustard and Narver 1975a; Mason 1976; Petarsen 1980Q)
laading to the breakdown of tervitoriss and the ag-
gregation of individuals into protected spaces. Ut-
ilization of particular locations within the straam
varisas greatly in time and space, and although small
streams tend to be structurally cowplex, few if any
areas of the channel are not cccupiled at one time
or another.

Pishery biclogista have traditionally class-
{fied stresms intoc a varisty of zoses based
an channel characteriscics (e.g. Plazts 1974
Moreau and Legendra 1979), associatad biota

{e.g., Hust 1959), or a combination of physical,
chemical, and biclogical featuras (e.g. Binns
and Eiserman 1979). Habitat requirements have

often been presected as tolerance ranges or
preferanda for certain vater quality conditions.

. While tolerance limits for such parazeters aa



dissolved oxygen and temperature have been
defined with relative precision for many fish
species, lack cof a precise language describing
the components of the physical eavirooment may
limit our ability to predict a stream's
productivity for & species of intarest. The

often~used cames 'rtiffle’ aad 'pool’ convey &
notion of relacive water depth and current
valocity, but beyond this they give little
indication of living coanditions relative to
substrate, flow patterns, and <caover. Not
surprisingly, considerable variation exists in

fish utilizaticn of these geumeral categories
withio the stream (Allea 1949}, The terminology
discussed in this paper feptasents an attewpt to
clasaify habitat in greater detall. Rasults of
limited field evaluations indicste that the
systam c¢an be a useful tool in assessing stream
conditicns and in describing spatial segregatica
among coexistiog fish populations.

METHODS
Terminology

There appears to be no widely accapted set
of  habitat definojtions for small

streams. -

“and piffles has

- often

Although riffles asad pools are the basic ynyy,
of chaaonel morphology and will always develop in
patural streams a3 a mechanism of  self-
adjustment to the law of least time rate of
energy axpecditure (Yaog 1971}, the actyal
configuration and bhydraulic propertias of thur'
units are bighly wariable. The cantinuo
gradation in depth snd velocity batween poala
spavoed tarms such as ‘rua’,
vbhich appear frequently in fisheries literature,
without. detailed explanation. In
sttempting to construct a precise snd consistent
set of descriptive terms we have utilized
definitions from the Glossary of Geology {Gary

- et al, 1974) vherever possible.

Riffles
Three typas of riffle babitats were
ldentified. Low gradieat riffles (Fig. 1) ware

shallow (< 20 cm deap) stream resachss with

moderate current velocity (20-50 cu/sec) and
moderate turbulancs. Substrate was usually
composed of gravel, pebble, and cobbla-sized

particles (2-256 =m). An upper gradient limit
for this baditat type was arbitarily set at 4%.
Rapids (Fig. 2) possessed s gradieac Jreatar

than &% with swiftly flowing vatar (>30 n/sac)

Figurs 3. Cascade.
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Figurs ¢, Secondary channel pook N




Figurs 9. Plunge pool sasocisted with large debris.

having considerable turbulence, The substrate
of rapids was generally coarser thaa the
substrate of low gradient riffles, aod during
low streamflow conditions large beulders
typically - protruded through the surface.
Cascades (Fig. 3), the third type of riffle
habitat, were the steepest. Unlike rapids,

which had an even gradient, cascades consisted
of a series of small steps of alternating small
wvaterfalls and shallow pools. The usual
substrate of cascades was Dbedrock or an
accumulation of boulders; however, this habitat
type was occasionally found oo the downstream
face of woody debris dams.

Pools

_ During low streamflow conditions there were
$ix pool types, which were associated with the
presence of bedrock outcroppings, large rocks,
or large tree stems and rootwads in the channel.
Serondary chanoel pools (Fig. &4) were those that
remained within the bankful margios of the stream
;:L:r freshets. During the survey period (June-
an: :::er) ®ost of these pools had disappeared,
e in #€ remaining had little flow through them.

ndary channel pools were usually associated
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Figure 12. Lateral scowr pool associated with bedrock.

with gravel bars, but many cootained sand and
silt substrates. Backwater pools (Figs. 5-7)
were found along chasonel wmargins and were caused
by eddies behind large obstructions such as
rootwads or boulders. This pool type was often
quite shallow (>30 cm) and tended to be dominated
by (f{ine-grained substratss. Like secondary
channel pools, backwater poels possessad current

velocities that were very low. Trench pools
(Fig. 8) were long, generally deep slots in a

stable substrate. Channel cross sections were
typically U-shaped with & coarse-grained bottom
flanked by bedrock walls. Current velocities ia
trench pools were the swiftest of any pool type
and the direction of flow was wmost uniform.
Flunge pools (Fig. 9) occurred where the stiream
passed over a complete or nearly complete channel
obstruction and dropped vertically into the
streambed below,  scouring out a depression.
This pool type was often large, quite deep (>1
m), and possessed & complex f{low patters
radiating from the point of water entry.
Substrate particle size was alszo highly variable.
Lateral scour pools (Figs. 10-12) differed from
plunge pools in that the flow was directed to
one side of the stream by & partial channel

obstruction. Often an undercut bank was
associated with this pool type. Damwed pocis



Figure 13. Dammed pcol asacciated with large debris.

Figwe 14. Glide.

(Fig. 13) consisted of water impounded upstream
from a completa or gearly complete channel
blockage. Typical causes of dassed pools wvers
debris jams, rock landslides, or beaver dams,
Depending upou the size of tha blockage, dammed
pools could be very large. Water vealecity in
this pool type was characteristically low and
substrates tended toward ssaller gravels and
saad.

Glides

A third general habitat category existed
that possessed actributes of both riffles and
pools. Glides (Fig. 14) ware charvacterizad by
moderately shallow water (10-30 ca deep) with an
even flow that lacked pronocunced turbulencs.
Although they were most frequantly located at
the transition between a pool and the head of a
riffle, glides were cccasiocoally found ia leong,
low gradiegt stresm reaches with stable banks
aod no aajor flow obstructions. The typical
substrate was gravel and cobbles. The term 'rtun'
has been applied to this habitat type, but we
feel that the daesignatiosn 'glide' is a wore
precise descriptor of the habitat conditions.
Similar usage of the tarm has previously been

adopted by Cuinat et al. (1973) and Chapman and
Kaudsen (1980).

Cover

Eight distinct kinds of cover for fishes
were identified. These included three kinds of
wood debris - rootwads, large debris
stems), and small debris (braoches, twigs, etc.)
-+ that differed in the amount of overhead cover

(tree -
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and flov modificatioas they provided vithin the
channel. Ovarhanging terrestrial vegetation and
undercut banks vers two kinds of cover that wer
largely governad by the conditioa of the riparisg—
zoge. Water turbulence scted as cover vhen the
pressnce of bubbles prevented s clear view of
the vster benesth (Lewis 1969). Rocks functioned
as covar in two ways, by providing overhsagiag
ledges and by providing crevices for hidiog.
Finally, saximum depth vas itsalf s form of cover
from npoo-diviang terrestrial predstors (Stevart

1970). We assumed that the primary funcriom of
cover duriog the summer was protection from
predation.

Sample Locations aod Ioventory Techniques

Sample locations were chosen to encompass a
wida wariety of stream conditicas in westemm
Washington. Ninsteen sites consisting of chaanel
reaches 0.2 - 1.3 Im long were located in four
streams. Three of the streams (Nevaukum River,
Salmon Cresk, Thrash Creek) wvere Chabalis River
tributaries; the fourth stream (Fall River) wvas
pact of the Willapa Bay drainage system. Thae
sites included 700 individual habitats totaling
approximately 7,300 m axial length, 33,600 wu?
wetted surface area, agd 3,500 =m? wvolume.
Channels ranged in size from third to fifth order
with 1-8% gradieat. Pareat rock type was eaither
sandstone or basalt. Streasside vegetation
varied according to forest management history;
recently clearcut sitas vears dominsted by shrubse
second growth forested sites vere dominated b,
red aler (Alous rubra), and old growth forestsd
sites wvere dominated Dy mixed conifars. All
sample locations possessad aoatursal populations
of salmonids, although scae sites ware above
upstream migratioa blockages and contained only
resident non-migratory cutthroat trout. There
was 0o evidence that any of the sites had been
fished by anglers. ;

Each strezm reach wvas surveyed on foot and
the location of different habitat typas, as well
as significant flov cootrolling structures, wvas
dravn to scale on a map (Fig. 13). Contour lines
basad on dapth massurements wvers drawn within
pools to enable voluma estimation. Wetted
surface areas were determined by couating squares
oo gridded paper that was asuperimposed oa the
naps. Axial length wvas figured as tha distance
along the thalweg or greatest linear diseansion
of a babitat unit parallel to the direction of
flow. Reach summaries were coostructad by
summing the leagths, areas, and volumes of each
habitat type asand expressing each group as &
percentage of the total. Tha amount of cover in
each habitat was rated on & relative abundance
scale of 0-3, where s score of zero indicated
that the particular kind of cover was essentially
absent and a score of three indicated a very
abundsat condition. Substrata was noted as
predominant type, 1i.e., the physical and/or
biological type most prevalent within a habita
upit.
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Figure 15. An example of a stream chaonel map
showing locatjons of various habitat types.

Fish populaticas were sampled by isolating
individual habitat types with blocking aets and
electrofishing the habitat three times, retainiang
separately the fish captured oo each pass.
Iadividual bicmasses vere determined from length-
weight relatiooships (Bisson and Sedell 1982 in
press) and age class abundance was figured from
size frequency distributions and scale samples.
Population density and biomass estimates wvere
based on a respovsal summation w@ethod of
calculation (Carle aod Strub 1978). Sculpins
{ Cottus spp.) were alsc captured bdbut their
bicmasses are not reported in this paper.
Approximately 28% of thae totsl number of habitats
inventoried were sampled for f{ish populatiscos,

resulting in the capture of 11,335 salmon aand
trout.

In order to quantify babitat utilization by
species and individual age <classes it waz
neceszary to ralate the fraction of the
pepulation found within a particular habitat
type to the relative abundance of that habitat
Lype in the stream. The formula used was based
gn the electivity index of Ivlev (1961):

(1) Urilization =
babjtat specific density - averasge total densyity
average total density

vhere
habitat spacific density = sverage density in
the habitat type
of interest

average taotal density ® average density
over the entire
stresms treach, all
habitats combined

Values of this habitat utilization
coefficient theoretically range from minus coe,
indicating total non-use of a habitat type, to
positive infinity ss a greater proportion of the
population resides iz the habitat type of
interest. A value of zero indicates that the
population occurs in the habitat type in
proportion to that type's abundance in the
stream. :

FIELD TRIALS
Habitat Characteristicy

Although variation in size and frequency of .
habitat types was related to stream order, basin
geology, and land mapagement history, average
dimensions of the different habitats are given
in Table 1 for comparison. Overall, glides had
the greatest individual length and surface area
but pools had the greatest volume. Despite their
relatively large size, glides were infrequent
and accounted for a small fraction of total
stresm space. Pools were the dominant habitat
category, accounting for about 50% of stresm
length and almost 80% of stream volume. Latersl
scour pools were the most common type and also
possessed the greatest surface area. Secoondary
channel pools, backwater pools, and dammed pools
were smallest and least frequent. None of the
sample sites contained beaver dasms, log jams, or
major landalides, thus accounting for the absence
of large dammed pools in the reaches that were
surveyed, Low jradient riffles were both the
largest and =most abundant riffles type, while
rapids asnd cascades teaded to be pmall and less
frequent.. Riffles averaged 40% of stream length
but accoupted for only 16% of stream volume

Large woody debris, includiog rootwads, was
the @most abundant cover in pools, while rocks
were the primary cover in riffles. Depth was
imsportant caver in pools having large water
volumes (lateral scout, plunge, and trench).
Turbulence created cover where falling water
formed bubbles in plunge pools, rapids, and
cascades. In general, cover Qquantity and
diversity was greater in pecls than in riffles
or glides,



Habitat Utilization

During the suamer very few individuals of
aoy fish species occupied secondary channel pools
(Table 2). Many of these habitats had becoms
{solated from the sain channel asnd they oftan
possessed high temperstures and deose algal
growths. Although it is likely that secondary
channel pools are utilized at other times of the
year, particularly ia large rivers {Sedall et
al. 1980), lack of use of these habitats during
lov streamflov perieds by sslmenids_ {s similar
to the findings of studies of other stress {ishas
(Tramar 1977; Williams apd Coad 1979).

Backwatar pools were hesvily utilized by
age 0+ coho salson, although cobo in backwaters
were smallar thaan average (Table 1.
Preferential use of this habicat type by coho
may have been related to a depandency om
terrestrial food during summer that bhas been
found by other investigators {(Chapman 1966b;
Mundie 1969). No other spaciss displayed as
strong ac associatica with backvater pools a»
did coho; howaver, where anadromous forms were
absent, yearling and older cutthrost also
preferred this habitat type. In genersl, fish
size in backwatars tendsad to be smaller than
average.

Treach pools were selectively utilized bdY
coho and yearligg steelbead, and by age 1+ and

and stealbesd wvers sbeest, all cutthroat age
classes exhibited a mild aveidance of this peel
typa. Underyearling cutthroat collected £
treach pools wers samaller than average. Plusjpw
pools wers selected by cobo, yesrling steelhead,
and sll cutthroat age classeas sxcapt age O+ fish
in areas upstresam froa an aaadromous :2one. Coho
in plunge pools weras tha largest of those taken
ia any pool type.

Lataral scour pocls were preferrsd by older
sge classes of boch staslbead and cutthroat.
Individuala collacted from this pool type ware
avarsge siza, axcept for age O+ cutthrost wvhich
tandsd to bde slightly smaller than average ia
oon-snadromous areas. Owing to the ralative
abundasce of this habitat type, over 251 of sll
salmonids occurred in lateral scour pools.

An ipsufficient gumbar of dammed pools were
sampled to yisld satisfactory evidence of
relative habitat utilization or average fish
weight, TYlow pattern in this pool type would
seem to be favorable to coho and thers is ample
evidenca from other studies (Bustard and Narver
1975b0; Nickelson and Hafele 1979; Yverest and
Meahas 1981) that cohe utilize impounded water
in stresms. Provided thare is sufficient depth
acd cover, dammed pools should alse provide
favorable habitat for age 1+ steslhead and age
1+ and alder cutthroat.

riffles

i t
2+ cutthrost in anadrowous zones. Whare cobo occuni':: ‘:;““utndcmlrlint “::";;.1:: h:}y
Table 1. Average habitat sizs and percemt of total stream ~
(in parenthasis).
Average Habitat
Size / % of Total
Habitat Langth Area Volume
Type o (m) (=) (m3)

Pools '
Secondary Channasl 26 9 (<1) a4 (1) 8 (<)
Backvater 74 8 (10) 29 (7 g8 (T
Trench 34 15 (8) 70 (8) 26 (10)
Plunge k1 14 ($) 7T (8) 45 (10)
Latersl Scour 146 16 (28) 102 (35) 43 (50)
Dammed 3 7 (<1} 0 (<1) 18 (1)
Riffles
Low Gradient Riffles 197 11 (26) 51 (25) 7 (12)
Rapids 114 7 (1% % (9) 3 (3

., Cascades 21 8 (<1) 3 (<1) 6 (<1)
Glides 43 13 (9) 92 (11} 15 (8)

&7



Table 2. Habitat specific utilization coefficients.

Anadromous Zone Above Anadromous Zone
Coho Steelhead Cutthroat Cutthreat
Habitat Type 0+ Lad 1+ o 1+ ¢ [ 1e. 2+

Pools

Secondary Chaanel ~1.00 =0.99 -1.00 -1.00 =-1.00 -1.00 =1.00 =1.00 -1.00

Backwater 6.74 -0.46 0.21 ~-1,00 -0.52 -0.7% -0.36 0.42 0.80
Treach 1.07 C.16 1.16 =-1.00 0.5 0.99% -0.21 =0.16 -0.23
Plunge 0.93 0.10 2.23 1.41 0.79 0.92 -0.% 1.09 1.61
Lateral Scour -0.46 0.07 0.89 -0.08 1.14 1.833 0.1 1.04 0.88
Dasmed Insufficient Samples

Riffles

Low Gradient -0.7% 0.5 -0.70 0.26 =0.23 =0.71 0.45 =0.73 -0.78
Rapids -0.99 0.%50 0.98 -0.4% -0.67 -0.20 -0.10 =0.83 -0.90
Cascadas -0.97 .79 0.58 =-1.00 0.70 -1.00 =0.24 -0.30 -0.89
Glides =0.91 0.3 0.86 1.42 =0.77 =0.92 0.00 -0.79 -0.33

Table 3. 5ize differences among salmcnida captured in individual habitat types,
expressed as percent devistica from overall average weight. Data for
n <5 are omitted.

Anadromous Zone Above Ansdromous Zogpe

Cobo Steelhesad Cutthroat Cucthroat
Habitat Type Q0+ [ 1+ 0 1+ 2+ o 1+ 2
Pools
Backwater -12 -11 -2 -4 -9 +27 -2 =21
Trench -2 o +4 -1 +3 =11 -5
Plunge +14 -1 -2 -5 -2 +8 -2 +1
Latersl Sceur *1 -1 -5 +h +h -3 Q -1
Riffles
Low Gradiant *1 +5 -1i6 -13 -7 +11  +26
Rapids +21 +12 +15 +10 =20 +?
Cascades +29 -h +18 -8 =6

Glides +5 -1% -19 -26 +6 -4
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cutthroat, 4aod wers not praferentially used by
othar age classes. Cutthroat in apsdromous zones
wers smallax_than average vhile those in nom~
snadromous arsas ware larger tham average, thus
suggesting that competitios wvith steelbesd bad
reduced cutthroat growth ratas ia low gradient

riffles. EIvidenca for competitive dominsace of
underyeacling cutthroat by undarysazling
steelhead was &slso provided by ths reduced

utilization of low gradieat riffles by cutthroat
wvhere steelbead ware present compared to sites
vhere steelbesad vers absent. Platts (1977) found
that cutthroat were displaced to secondary
babitats im the presencs of juvesile chinook
salmon and steelheaad, but Hartmsn and Gill (1968)
speculated that differences in tha distridution
of underyearling cutthrost asnd steelbead wvere

ralatad to microhabitat variation inmn spawaing
prefereaces of adults,
Utilizetion of rapids and cascades wvas

Both habitats were
cobo, yet tha few

limited mostly to steelbesd.
strongly aveided by most

individuals thsat occurred ian rapids ware much
larger than averags. Underyearling and yearling
stealhead favored both Habitats and szeemed to
grow wvell therse. Chapwman and Bjornn {1969) bave
alsc observed that steelhead occupy swifter water

as they become larger sod these authors felt
that preference for faster wvater was assoctiats

with {ncreased exposuzs to food organism..
Howvever, wvhile steelhead prefarred fast water

_riffles, cutthroat, for the most part, did not,

P - .- s -

" Glides vo:@ 'sullctivcly utilized only by
staelhesd sad by underyearling cutthroat.
Insufficient oagumbers of age 0+ cutthrost wers

collected Irom sites ' possessing coho and
steslhead to permit determination of size
variation; however, ages O+ and 1+ gsteelhead
occurring ia glides were the smsllest of those

found in any babitat type.

In both poeol

Cover Associatiocns

and

riffle

habitata

the

densities of age 1+ and older trout tended to

increase in

(Table 4) but age O+

telatively

responsive to incresased cover agress

unaffected
although some positive associations did exist
betwesn underyearling densities and certais cover
types.

associastion with incressed

salacs and
by cover

Table 4. Average correlations (r?)} between age class density apd cover
typas within habitats. .

Coho Staslhead Cutthroat
Cover Type O 0+ 1+ O 1+ 2+

messvesrcssseccccamsePgolgrarormnescrcnccannoa
Rootwad +0.19  -0.05  +0.34 +0.05 +0.06  +0.13
Large Wood Debris =0.27 -0.11 +0.23 +0.05 +0.40 +0.29

- Saall Wood Debris -0.16 =~-0.07 +0.18 +0.20 +0.13 +0.17

Terrestrial Vegetation 0.00 +0.12 +0.09 -0.26 +0.04 +0.12
Undercut Bank 0.00 +0.12 +0.26 =~-0.13 +0.22 +0.37
Turbulence -¢.01 -0.26 ~Q.04 -0.34 +0.0% +0.21
Underwater Boulders -0.78 =~0.28 -0.5%& -0.49 -0.23 -0.09
Maximus Depth -0.14 -0.29 -0.02 =0.42 +0.03 +0.44

semmmmenssssmvmnas=Riffleggnrrrmmenrrrncsrranacan
Rootwad -0.03 -0.21 -0.29 +0.02 -0.16 +0.24
Largs Yood Debris -0.03 +0.31 +0.42 -0.30 +0.46 +0.43
Small Wood Debris 0.0Q +0.03 +Q0.11 +Q.40 +0.07 +0.27
Terrestrial Vegetation +0.80 +0.11 ~0.13 =-0.04 +0.07 +0.11
Undercut Bank +0.37 -0.3%0 -0.42 0.00 +0.3% +0,43
Turbulence -0.42 -0.27 +0.19 -0.31 +0.40 +0,20
Underwater Boulders -0.46 -0.08 -0.19 ~0.25 +0.4] -0.07
Maximum Depth -0.51 =0.20 +0.46 -0.45 +0.43  +0.57
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cover
trout wers
cenditions,

Our finding that older trout wvers more

with the



stream snhancesent results of Saunders and Smith
(1962) and Hunt (1978), who noted that cover
additicns iwproved the productivity of older
trout more than it did underyearlings.

Wood debris proved to ba s preferred cover
type for asge 1+ ateelhead and age 1+ sod 2+
cutthroat. The strongast associations wers
obsarved with large debris pieces, espacially in
riffle  habitats. Preference of yearling
steelhead for large debris bas been documented
by Bustard aad Narver (1975a) and both Osborn
(1981) and Juce (1981) have shown that older
cutthroat rely heavily on large wood debris for
cover. Underyearling steelhead did pot respond
positively to increased wood debris in pools but
utilized large debris in riffles. Underyearling
cutthroat showed & slight positive responss to
increased debris in ©pools sad s definite
preference for small debris in riffles. The
utilization of small debris by underyearling
cutthroat may be similar to the cover prefersnces
of age O+ brown trout (S. trutta), which have
been shown to decline following small debris
removal (Mortensen 1977). Age O+ coho exhibited
a mild positive response to increased rootwad
abundance in pools, but were unaffected by other
kinds of debris. Association of cobo with wood
debris has been previously demonstrated by Lister
agd Genoe (1970) and Bustard and Narver (1975a,
1975k} .

Overhanging terrestrial vegetation and
undercut banks along riffles were strongly
preferred by coho, although riffles were
inhabited by relatively few individuals of this
species (Table 2). Overhead banks and vegetation
may bhave been selected because they provided
sore terrestrial food, resultiag in bigger fish
(Table 3). It seems unlikely that cobo used
these kinds of «cover for sbade because a0
obvious preferences for bank cover were cbserved
in pools, and Ruggles (1966) bkas shown that
addition of shade structures %o experimental
channels actually reduced coho helding capacity.
Weak positive respouses to increased baok
undercuts and overhanging vegetation along
riffles were displayed by age 1+ and 2+
cutthroat, which, like c¢oho, wvere rare there.
However, steelhead in rviffles did aot select
overhanging vegetation and actually appesred to
avoid riffles with undercut banks. Ages O+ and
1+ steelhead and ages 1+ and 2+ cutthroat showed
wild preferences for baak cover in pools.

Turbulence and undervater boulders were not
selected by most species, except yearling
cutthroat ig riffles. The abseoce of significant
response by steelhead to increased boulder cover
was surprising in view of the strong attachment
te this cover type shown for steelhead by Hartmao
U%S) and Tacchin and Slaney (1977), and
iocreases in age 1+ steelhead carrying capacity
following experimental boulder placement in a
Vancouver Island stream (Ward and Slaney 1979).
We bave no explanation for this disparity in
observations except to speculate that increased

turbulence and boulder density may bave hindered
feeding activity by making visual sighting of
food orgacisms mors difficult. Within babitats,
deeper viter was prefersntially utilized only by

4ge 1+ wnd older trout. Underyearlings of all

species avoided deep water, preferring instaad
te reside in shsllower areas asloog habitat
sargins. Positive associations between increased
depth and fish size bhave beaen obsarved in both
rainbow trout (Lewis 1969) and cutthrost

(Griffith 1972).

APPLICATION OF THE SYSTEN

. The system of naming habitast types that a
described in this paper proved to be workable
during low stressflow conditions. The habitat
types became easy o  recognize after sose
practice, and disagreesents between independent
classifiers were usually few. Approximataly 100
m of streams channel could ba mapped by one person
in a day depending upon <chsanel complexity.
Howavar, rapid inventery of the habitat types
presant in a stream, without dimensional
seasuresents, could procesd much faster.

We wvers generally less satisfied with the
cover avaluations. Tha majority of disagreeseats
arose over what nuserical score wvas to De
assigned to the covar copditions within a
particular habitat. In addition, the techniqus
that was employed treatad all kinds of cover
equally, and it was obvious that s score of 3}
(very abundant) for one cover typs was nQot
necessarily equivalent, in terms of overhead
shading or protection from predatica, to a high
score for another cover type. For example, the
kind of cover provided by wood debris, baok
characteristics, or channel worphology was
different from one another in nature and did pot
fit well into an equally weighted scale that wvas
based on relative abundance. Wesche (1380) has
discussed the subjectivity iavelved in measuring
cover and has proposed & cover rating that
intregrates bank, channel, and substrate
characteristics for both small and large streams.
Other workers have devised comprehensive
numerical indices of habitat conditioas that
have been used to predict stream carrying
capacity, (Bovee snd Cochnauer 1977; Binos and
Eisermann 1979) but these models do aot easily
separate fish prefarence for habitat type from
prefarence for cover type.

We found that within individual habitats
certain kinds of cover were preferred to others;
however, a more rigorous approach would be to
follow population changes after experimentally
adding different kinds of cover to streams. For
example, Boussu (1954) added small debris
(interwoven willow branches) to a Moatans stream
and recorded large increased in underyearliog
aod yearling rainbow trout and brook char
biomasses. More recently, Ward and Slapey (1979)
found that logs and boulders placed together in
riffle areas of a Vascouver Islaod stream



significantly enhsnced sges 1+ and 2+ steelhead,
but were not hesvily utilized by uoderyearling
coho. The resulcs of our summer field studies
indicata that wood debris, especially large stems
and rootwads, was the most generally favored
cover type and may hold the greatest promise for
enhancement projects.

Although the tarmss ‘selected’ and
‘praferred’ have basn applied in this paper to
habitat and cover utiliration by salmon and
trout, it is likely that the spatial segregatioa
wa observed was an outcome of both physical
habitat requiremsnts and biological intersctions.
What appesrsd to be a preferred habitat {no ouae
stTeam was not always so in aoother; cutthroat
trout, for example, occurred ia differant
babicats when coho and steelhead vers presant
than whea they vere the sole saimonid species.
Chapman (1966a) has poioted out thsa importance
of iatecapecific competition in governing habitat
selection by salmonids, but behavioral
asbssrvaticas have shaown that cowpetitive
displacsent can occur both within a single age
class (Mason 1969) and betwewn cobaorts of »
species (Jenkins 1969). The intensity of
territorial defense in certain tropical resf
fishes is related to physical habitat conditions,
high quality habitats being aggressively dafended
(Itzkowitz 1979)., However, Slaney and Northcots
{1974) have showm that when food is abundant
territories are small and agression is sinimized
in undaryearling ratisbow trout. Thus, tha actual
location of fishes in a stream channel will be
influenced by the presence of cospetitor and
predator species, population density, and food
availability, as well as preferences for specilfic
habitat types.

The complex interaction of a fish population
with its physical
usually makes it difficult, if oot impossible,
to accurately predict either the staandiag crop
or productios of a species of ioterest in 2
pactigular stream. Whast can be determined,
however, is the suitability of stream conditioms
irrespective of a species’' presence or absencs,
which way be due to a variety of facters other

than physical habitat. The detailed
classification system presented here can be used
to assess stream suitabjility ounce spacific

habitat snd caover sssociations are known., Ve
might predict, for example, that underyearling
ceho will be favored in streams posseassing many
backvater pools vith rootwad cover and
terrestrial vegetation overhanging tha riffles,
whereas vyearling and older cutthroat will be
favored whers there ars dasp plucge and lateral
scour pools with large logs aod undearcut banks.
Although the system worked for the westarn
Washington streams ve studied, it is by po asans

ceaprebeasive.  Other habitat types may exist in
larger rivers, or ir small streams during
freshets, and these will require additionsl
descripticn. '

and biological envircnment
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KEY TO CHANNEL UNITS (from Sullivaa)

rapid

not very rough

swift velocity
slope >4% slip-face cagcade

very rough

< 1channct

width

Now converges

step ocol cascade
very rough
> 1 channel
width
sieps & pools
| n i
faster
rougher, but
< 10% rock
protruding
shallow
slope 14% pocket water
> 10% rock
protruding
glide (run)
deeper
lower velocity
iittle surface
turbulence

N

RIFFLES

/

sgour hole

-= . constriction
<25%
shallow
drawdown (flow accelerates) §Epus poof

partially

spanning

constriction

(most common)

plunge poo]

fully spanning

constriction
eddy pool

downstream of

obstruction

POOLS

/

baciwater (flow decelerates)
{often < ! channel width)
dammed pool
upstream of
obstruction or
control

(HIGHEST
VELOCITY)

AN

(LOWEST
VELOCITY)



SYNOPTICAL KEY TO CHANNEL UNITS

This key is designed to assist in the identification of channel units

in third and fourth order streams as they appear during baseflow
conditions. Although moat of the units have similar characteristics
as those described at the more extreme high or low flows, the depth
and rater surface characteristics, in particular, may vary. The
relationship between units is illustrated in Figure 5.12, pg 97.

la Water flowing or standing in smaller channels
(braids) chat are connected Co the main channel
within the active floodplain. Theme smaller
reaches may have both pools end riffles (described
below) although they are usually of smaller
proportion than main channel units. The channels
chat are inundated during higher flows are often
disconnected from the flow at lower flows leaving
pools of standing water along the channel margins.

SECONDARY CHANNEL
(SIDE CHANNEL)
Ib Water flowing in a well-defined permanent channel
2a Water is shallower and faster than the reach
average; steep rater surface slope
RIFFLE UNITS

(macro-units), lead 3a

2b Water is deeper and slower than the reach
average; gentle rater surface slope

POOL UNITS
(macro-units), lead 8a
1a ib
e Chanmal Pugl
’{.‘} Rittie



RIFFLE UNITS
(Maczo-units)

Riffle units are relatively shallow and fast with steep channel
gradients; flov is swift and the water surface is rough or wavy;
substrate is generally gravel to cobble in size; water surface may be
broken by rocks protruding through the surface

3a Channel and water surface slopes greater than or
approximately equal to 0.04; flow uneven or

turbulent with whitewater caused by local standing
waves

CASCADE UNLTS
{meso-units), lead 4a

3b Channel gradient less than 4% but greater than 13X;
flow is even but turbulent with little white water

RIFFLE UNITS
(aeso-units), lead 7a

3s
Castate water Susrtass
3b
2 4% Waln Grationt
..., Water Burtass
3a
Rittle % Water Grodiost Ragis Water Jurinas

Z 4% Walie Qeosiont



CASCADE UNITS

A meso-unit class of channel units with channel slopes greater than
or approximately equal to 4X. Cascade unite tend to be associated
wvith obstructions that constrict stream flow, although in smaller,
steeper streams they can occur in unconstricted channels.

4a Pew rocks protrude through the flow although

4b

flow is swift and very turbulent; often found
upstream of channel constrictions where gravel

bars slope diagonally acroes the channel

funneling streamflow into narrow troughs

along one bank; water surface streams and is

opaque but whitewsater is not common; may have
standing waves present at the downstream end of the
unit at the junction of the unit and the

head of the pool vhere flow passes chanael
obstructions.

RAPIDS

Gravel Bar ~
o Rittle

w___ Rapid

Rocks protrude through the flow on 10X of more
or the surface area of the unit giving these
units high relative roughness and causing
considerable pooling of water behind the rocks;
vhitewater scattered throughout the unit at
most flows

5a Relatively long channel units (length
greater than 1 channel width); tend to
occur where valley slopes are greater thao
3.5% but usually not steeper than 6%3;
generally in smaller streams (third ocder
or smaller) but are also found in larger
streams at valley coastrictions
(bedrock outcrops, earthflows, debris jams
etc.); characterized by a series of
boulder bars, composed of strings of
boulders wedged together across all or
part of the channel, or logs, that form
small falls and create a series of steps
spaced at 1 channel width or less and
separated by short, shallow pools

STEP-POOL CASCADES







RIFFLES (MESO-UNITS)

Channel gradient between 1 and 4X; generally composed of gravel to
cobble substrate with little of the surface area of the unit made up
of large rocks protruding through the flow (although these units
often appear rough at very low flows); uniform flow (baoks parallel
through the length of the unit); standing vaves generally absent;
moderate to swift velocity; moderate to shallow depth

7a Slower, smoothly flowing water with moderate
depth; usually on the lower end of the range
of channel gradient (between 1 and 21); thase
units can occur anywhere in the stresm where
riffles may occur, but they most often occur at
the transition between particularly elongated
pools and the downstream riffle in the zone
referred to as the tailout of the pool, but
they are usually only identified at
particularly elongated pools and therefore
these units are not a common feature in emall

streams.

GLIDE
A unit with similar characteriatics is common
in larger stresms (fourth order or larger),

Run

7b Swiftly flowing with depth shallow enough
that submerged particles of the bed diaturd the
water surface {(often producing a diamond-shaped
pattern of surface waves) but generally do not
protrude through the flow (0 to 10X of the

surface area); channel gradient greater than
2T but less thas 4X.

LOW-GRADIENT RIFFLES

Low~gradient riffles resemble cascades at the
very lov flows of the year since many boulders
normally submerged become exposed. The 10X
surface srea cutoff point appears to be a
reasonably good separatiang criteria, even

at low flows, but unit slope can always be used
to distinguish the two units.



POOL UNITS
(Macro=-units)

Flow in pools is relatively deep and slow with gentle energy
gradients; water surface is tranquil or slightly disturbed although
not to the extent that the surface becomes opaque (some turbulence
way occur at the head of tha poal as flov passes through the
constriction with which the pool is associated);

substrate msy vary
in size from fines to boulders

8a Plow decelerates within the unit and the flow path

is often lateral or vortical relative to the
main stream

BACKWATER POOLS, LEAD 9A

8b Tlow accelerates within the pool, speeding up at
the dovnstresm end vhere the depth decrsases, and
flow path follows the main stream

DRAWDOWN POOLS, LEAD 10A

8a b
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BACKWATER POOLS (meso-unit)

Backwater pools are always associated with obstructions. Flow lines
diverge from the downstream path and flow decelerates within the
unit, moving perpendicular or lateral to the main flow; flow is
characterized by decreasing velocity and decreasing water surface
slope within the unit; units are often without distinct three-
dimensional shapes and units are determined relative to the

obstructions (not to the streambed); water surface slope less than
0.5:

9a Unit lies upstream of obstruction such as log,
debris jam, etc.; unit is often found proximal to
slip-face cascades where obstructions partially
span the channel (at high flow water often backs
up through the unit and drowns out the cascsdes);
can be large (full channel width, several channel
widths in length) or smsll ( on the order of
one square meter) depending on the degree to which
the obstruction blocks the channel

DAMMED POOL

9b Unit lies downstream of an obstruction; eddies
formed by the obstruction are ralatively large and
generally border the thalweg on one side and the
dowanstresan edge of the channel co the other

EDDY POOL

This pool type has been described as backwater
pools by Bisson et al. (1982), but herein the

term backwater pool will be applied ocnoly to the
general category of pools in which flow decelerates.

9a 2b

Edady Pool

=X




DRAWDOWN POOLS

Pools associated with the thalweg of the channel. Flow is usually
rapid where flowv enters the upstresm end of the pool, decelerates
where it meets the slower body of water in the pool, but accelerates
again at the shallowing downstream end of the pool; submerged jets of
flov form at the head of the pool which radiates outward causing
diverging flow and channel width from the upstream to downstream end

of the pool; water surface slope greater than 0.5 I bur lass than
1.0

10a Pool found downstream of an obstruction that spans
at least three fourths of entire active channel but
which lies withio the top one half of the channel
depth at bankfull discharge (indicated by the
permanent vegetation line) but not sbove the bank;
unit shape is shorter and deeper than other
drawdowe pools; often found downstream of & free
overfall (water fall) where flow leaves the stream
bed and plunges into the downstream pool

PLUNGE POOL

(Smaller plunge pools can occur along the sides of
of the chaanel vhere obstructions block secondary
channels.)

10b
10a

10b Pool found downstream of a partially-spanning
channel obstruction that coastricts the channel
more than 25% but less than 1002 of the bankfull
width marked by the vegetation line (the maximua
constriction that forms these units may be closer
to 3/4 bankfull channel width); constrictions
cause lateral scour as flow is directed sideways
againet the banks or vertical scour of the bed

SCOUR POOL
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SYNTHESIS OF HANKIN AND REEVES (1988)
SAMPLING AND FIELD PROCEDURES FOR
VISUAL ESTIMATION OF HABITAT AREAS

The utility of Hankin and Reeves (1988) technique for visual
estimation of channel unit (habitat) area derives from 1) its
practical nature - relief from slow, costly measurements of every
unit within a survey reach, and 2) a sound rooting in sampling
theory and statistical inference - relief from the many problems

of using a "representative reach”. The following narrative and
examples are provided as a supplement to Hankin and Reeves (1988)
paper to provide a practical overview of this technique and to

draw attention to certain important details. The reader is

strongly encouraged to read both papers to develop a complete un-
derstanding before applying this technique in the field.

With this visual estimation technique, only a fraction of all the
habitat units within a valley segment require critical measure-
ment with some device such as a tape, hip chain, or survey rod.
The dimensions of all other channel units encountered are
estimated by eye. These visual estimates are then corrected for
observer bias by using the relationship between actual <true) and
estimated dimensions (a paired measurement).

Transforming raw survey data into a usable format involves many
computational steps and attention to the assumptions and require-

ments of stratified sampling, double sampling, and ratio estima-
tion. A database program now being developed by the Northwest

Indian Fisheries Commission (NWIFC) eliminates the need for a
rigorous treatment of the theory and computational details. This
program will provide a screen form for data entry that mirrors

the data sheet and will compute certain descriptive statistics.
However, some basics must be understood so that important assump-
tions are not violated, thereby rendering spurious results.

The first and foremost consideration in our Ambient Monitoring

effort, or any other sampling effort, is to accurately estimate

some parameter (e.g. area of low gradient riffles). The way we

have chosen to do this is to stratify a stream into roughly
homogeneous segments based on Cupp’s (1989) valley segment clas-

sification. The stream within each valley segment is then fur-
ther stratified into habitat (channel) units by the method of

Sullivan (1989). Figure 1 diagrams these strata and the overall
sampling procedure to estimate total habitat area.
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Timber Fish and Wildlife
1989 Ambient Monitoring Preogram

WRATERSHED
(stratified) Estimated Habitat
\\\\s Prea
VALLEY SEGMENTS
(stratified)
\ v
CHANNEL UNITS
Systematic Visual
Sampling Estimation
random start ‘;\\\\\\\H\“\s correction
peint for bias
sampling

interval

Figure 1. Diagram of procedure using the visual estimation
technique of Hankin and Reeves (19388) to estimate
habitat area across channel unit strata {(clas-
sified as per Sullivan (1989)) and valley segment
strata (as per Cupp 1989)).
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Stratified sampling improves the accuracy of our estimates by
sampling within like, or homogeneous, areas based on before-the-
fact knowledge of the forces and processes causing variability in
the parameters we wish to estimate. For example, the form, se-
guence, and hydraulic characteristics of pools in a high gradi-

ent, mountain slope/headwall segment (a G2 classification) will

be somewhat similar to each other but differ significantly from
pools in an alluvial fan segment (B3). This is analogous to the
upper, middle, and lower zonation (based on gradient) that Hankin
and Reeves (1988) provide in their example. It follows that
within each valley segment, different channel unit types (the
second-stage strata) will differ from each other in terms of

form, function, and hydraulic characteristics but will be similar
within the same type of unit, when correctly classified.

Thus, we have a rather refined and elegant method of improving

our estimates of channel unit area (or volume) by accounting for
variability from the following sources: 1) variability between

valley segments caused by watershed influences, 2) variability
within valley segments caused by the occurrence of different
types of channel units, and 3) variability between channel units
of the same type caused by local, site-specific features.

SYSTEMATIC SAMPLING

So far we have stratified watersheds into valley segments and as-
sumed that we will be able to correctly classify individual chan-
nel units into second stage strata. The next step in the process
is to apply a systematic sampling procedure to each type of chan-
nel unit and pay homage to the concept of randomness, which
makes the whole estimation procedure statistically valid.  This
systematic sample is fundamental to developing the relationship
between visual estimates of channel unit dimensions and actual
(true) measurements, which allows us to account for observer
bias.

A systematic sample is obtained by randomly selecting the first
channel unit to estimate/measure (a paired measurement) from

within the first k units and then sampling every kth unit after

that. The term "k" is called the sampling interval. (The number
of channel units in sequence between measured units, those that

are only visually estimated, is k-1. ) This is called a 1-in-k
systematic sample where k is appropriately chosen to balance the
frequency of occurrence and variability of each type of channel

unit, as well as other factors (more on this later). Each chan-
nel unit type may have a different sampling frequency (I-in-k).

For illustration, let us say that we have decided to sample every
15th scour pool (k=15), every eighth low gradient riffle (k=8),
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and every third glide within a valley segment. To determine the
first scour pool for paired measurement, a random number between
one and 15 is needed. If the number five were obtained, the

fifth pool encountered from the survey boundary would be
measured, and every 15th thereafter. Thus, scour pools five, 20,
35, 50, 65... would be measured. Fourteen <k-I) visually-
estimated units separate measured units.  Similarly, if the ran-
dom starts for low gradient riffies and glides were four and one,
respectively, the fourth, 12th, 20th, 28th... low gradient rif-

fles would be measured, as would the first, fourth, seventh,

10th... glides. Sampling (paired measurements) would continue in
this fashion through the end of the valley segment.

Selecting the Sampling Interval

The sample interval (k) must be chosen before actually beginning
sampling and cannot be changed once sampling has begun. There is
often a strong temptation to include a more typical, or "repre-
sentative”, or "better", unit than that selected by the sampling
interval. Don't give in.  If an appropriate sampling interval

was chosen, enough varied units will be sampled to obtain rea-
sonable estimates and confidence intervals.

Selection of an appropriate sampling interval (k> can be aided by
some advance knowledge of the types and relative composition of
channel units within the valley segment. This information may be
available from observations during the horizontal control survey

or from other sources. Selection of the sampling interval must
strike a balance between the following considerations:

1. At least 10 paired measurements need to be obtained for

each channel unit type, otherwise the relationship be-
tween visual estimates and actual measurements becomes
guestionable (more on this later). The total number of

rare (infrequent) types of units may be so few that all
should be measured. (When all units of a particular

type are measured, correction of visual estimates is not
needed.)
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2. Those channel unit types that occur frequently and are
relatively similar in area can be sampled less often (k
is larger). In low to moderate gradient streams these
are typically scour pools, low gradient riffles, slip-
face cascades, glides, and scour holes, often linked
with smaller eddy and dammed pools. (However, the com-
plexity and unique features of each stream and valley
segment will often confound this generalization.)

Those channel unit types that are highly variable in
area or occur infrequently should be sampled more often
(k is small).

Relatively long valley segments will allow a propor-
tional increase in the sampling interval for all channel
unit types, thereby decreasing the actual time spent
doing paired measurements.

Selecting a sampling interval should not be a complicated, time-
consuming task. In practice it will likely be an informed,
professional judgment that considers those channel unit types
that are, or expected to be, most frequently encountered
(greatest in area), relatively rare, and those that are interme-
diately so.

VISUAL ESTIMATES

To be able to utilize the area and depth estimates obtained by
eye, these estimates must be corrected to something close to the
"true” dimensions. By obtaining both visual estimates and actual
measurements (double sampling), a simple, intuitive ratio can be
developed. Corrected visual estimates are obtained by multiply-,
ing the raw estimates by the ratio of visual estimates/actual ~
measurements.  Graphically, the correction factor is nothing more
than the slope of a line that best fits an X-Y plot of estimated

vs. measured dimensions. This correction factor can be greater
than one if the observer consistently underestimates the actual
dimensions, and less than one if overestimation is the case.

It is very important that the estimator be consistent, not neces-
sarily accurate. This technique accounts for over- or un-
derestimation very handily. But, it can be scuttled by someone
who both over- and underestimates dimensions (is inconsistent)
and/or is very inaccurate. Fortunately, there are techniques for
maintaining consistency in visual estimation.

In practice, one person is designated the "caller”, the other is
the "recorder". These roles do not change during the survey day.
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The caller does all the estimation; the recorder, besides the ob-
vious, does the actual measuring. Visual estimates are not com-
mittee decisions. The recorder should not influence the Caller

in any way. Above all, the caller should not know the rela-

tionship between estimated and!measured dimensions. Attempts at
compensation by the caller will do nothing but decrease con-
fidence and generate inconsistency. Both the caller and recorder
should be aware of fatigue, discomfort, mental state, and other
factors that can influence the consistency of visual estimates.

It is probably better to take a few breaks or call it a short day

than tO collect poor data.

Accuracy can be improved by estimating known distances before en-
tering the field. Calibrating the eye to accurately estimate

some known distance and working in multiples or fractions thereof

is highly advisable. Most every one has some distance that they

can accurately estimate based on previous experience (i.e. a car
length, a sheet of plywood, a football field). Practice and fre-
quent calibration to some known distance will do much to improve
and maintain consistent visual estimates.

AN EXAMPLE

Figure 2 provides a diagrammatic example of selecting sample in-
tervals for a portion of a long valley segment consisting of only
scour pools (coded SCP), low gradient riffles (LGR), and glides
(GLD). Those units to be measured are indicated by an arrow.

| strongly urge that the notes seen on this example be included

with each data set as a comment or an attachment. Also, be aware
that no data sheet can account for the number of different chan-

nel unit types encountered or the variable sample interval for

each. This means that each recorder will have to keep track of

the next paired measurement to be obtained as the survey pro-
ceeds. To aid this accounting, the sample interval for each type

of channel unit should be written on each page.

Finally, a table of random numbers is included for use in selec-

ting first-measured units. Many electronic calculators with

basic statistical functions also have the capability to generate

random numbers, usually between 0 and 1.0. Disregard the decimal
point and simply choose the first digit greater than zero if the
sampling interval is between 1 and 10. Choose the first two

digits if the sampling interval is greater than 9.  If the number

is greater than the sampling interval, continue generating num-

bers until you obtain a usable number.

APPENDIX A-2
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APPENDIX G.

Using “Residual Depths” to Monitor
Pool Depths Independently

of Discharge

Thomas E. Lisle

Lisle, Thomas E. 1987, Using "residual depths” to
monilor pool depths independently of discharge.
Res. Note PSW.394. Berkeley, CA: Pacific
Southwest Forestand Range Experiment Station,
Forest Service, U.S. Depaniment of Agriculwre;

4p.

As vita] components of habitat for stream fishes,
pools are ofien monitored to follow the effects of
enhancement projects and natural stream processes.
Vanations of water depth with discharge, howeyer,
can complicate monitering changes in the depth and
volume of pools. To subkract the effect of discharge
on depth in pools, residual depths can be measured.
Residual depth is the difference in depth or bed
clevation between a pool and the downstream riffle
crest. Residual pool depth or volume can be meas-
ured at wadable flows by using only a tape and
graduaied sounding rod. Residual dimensions repre-
sent extreme low-flow conditions, which often deter-
mine the capacity of streams to produce fish. The
measurement of residual depth is an unbiased way to
casily distinguish pools from other reaches. Its
application is illustrated by a case study on a stream
in northern Californis.

Retrieval Terms: fish habitat monitoring, pools,
stream channel surveys, stream enhancement evalu-
ation

ishery managers are focusing more
and more attention on pools to protect
and ennance fish habitat in streams. Pools
are vital components of fish habitat in
streams, especially for larger fish,' be-
cause their great depih offers protection
from predators. Pools can be highly sensi-
tive to disturbance of watersheds and ri-
parian areas > and can be enhanced by in-
troducing woody debris, boulders, or arti-
ficial structures in streams.* Improving
strategies to protect pool habitat ulti-
mately depends on unbiased, quantitative
methods for monitoring changes in pool
dimensions. Comparisons of pool dimen-
sions either between streams or in one
stream over time can be confounded, how-
ever, by differences in stream discharge,
which strongly affect water depth.

To surmount this problem, a method for
measuring pool depth independently of
variations caused by discharge has been
developed by using the concept of “resid-
ual depth.”® Residual depth is the differ-
ence in depth or bed elevation between a
pool and the downstream riffle crest (fig.
1). Residual depth is measured by sound-
ing or surveying a pool with tape, rod, and
(optionally) an engineer’s level and sub-
tracting the depth or elevation of the riffle
crest from those in the pool. Data can be
plotted as profiles or used Lo draw residual-
depth contours on 2 map., The method is
simple and unbiased, and can be adapled to
measure pool length, arez, and volume.
Residual pool dimensions can represent
low flow conditions that are important for
summer rearing habitats of fish.

Longitudinal profie showing residual decths

e dy.':‘ A

Elevation, t.

Flgure 1A longitudinal profile of & reach of
stream, showing the method for measuring
residual depths.




RESIDUAL DEPTH

Watcr depths in pools depend on both |

the depth of the depression in the stream
hed and the discharge at the time of meas-
urement. How can comparable measure-
ments of pool depth be made without hav-
ing to measure at cqual discharges?

Say, for example, mean depth in a pool
was measured as 1.1 {t one summer before
placing a rock deflector to increase scour,
During the following summer, pool depth
is remeasured. Did depth increase or de-
crease? 1 depth were measured the second
time at Q, (fig. 2), an observer that was
unaware of differences in discharge would
conclude that the deflector had increased
depth 02,5 {t; if instead depth were meas-
ured at Q,, the observer would conclude
that depth had decreased to 0.8 ft. Re-
peated measurements of pool depth and
discharge before and after treatment would
show the truc change in pool depth at a
givendischarge, but this method would be
time-consuming and demand a certain
schedule of measurement.

“Residual depth” is independent of dis-
charge and need only be measured once -
before and once after treatment in order to -

detectchanges. Residual depth isthe depth
that, if flow were reduced to zero, water
would fill pools just up to their lips that are
located atriffle crests downstream. Depths

in pools would then correspond to residual
values. Thus residual depths represent
extreme low flow conditions, which can
limit a stream’s capacity to support fish
populations, The method also provides an
unbiased way to easily distinguish pools
from other reach types: pools are simply
reaches having residual depths greater
than zero,

METHODS

Pool frequency and the residual depth
and length of pools in a vertical plane
running down the channel can be measured
quickly by using the following procedure.
It should be done during low flow when the
water surface over pools is nearly horizon-
tal. Materials needed include a 1ape, rod,
and notebook.

1. To measure distances between residual
depth measurements, stretch a tape along
the thalweg (zone of greatest depth) or the
centerline of the channel, Thalweg dis-
tances give the real distance between depth
measurements, but such distances from
point to point along the stream channel can
vary from year to year because of their
wandering. Centerline distances give dis-
tances along the channel as a whole and
vary little from year 1o year. Particularly in
channels with bends, however, centerline
distances do not necessarily equal the dis-
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Figure 2—Variation of depth in a poo! with
discharge before and after a structure was
added to increase scour. Depth was measured
once belore treatment {*X"), An increase or de-

2

crease in depth after treatment ("0°) would be
indicated, depending on whether depth were
measured a1t Q or Q,

tances between depth measurements in the
thalweg and thus can introduie error in
mceasurement of residual depihs averaged
over the reach. In any case, use consistent
measurcs of distance,

2, Audistanees measured along the pe,
nole reach type (pool, riffle, rum, c1c.)y and
measure depths in the thalweg (deepest
thread of the channel). Be certain to meas-
urc the distance and depth at riffle crests.
3. To compute residual depths, subtract
depth at riffle crests from depths in up-
stream pools. Mean or maximum residual

L . e .
depths or the entire frequency distribution

of residual depth can then be easily deter-
mined.
Assuming that the rod is held reasona-

- bly vertical the primary sources of error in

measuring depth arc due to failure to locate
the thalweg and the roughness of the bed.
I estimate probable error in depth measure-
ment 1o be approximately twice the median
diameter of bed particles. The percent
error decreases with increasing ratio of
depth to bed particle size. I estimate error
in measurement of thalweg distance to be
approximately 2 percent. These values for
error are estimated from experience and
not experimentation. Error probably var-
ies with operator, and stream conditions.

If the water surface over a pool slopes
downstream appreciably, residual depths
will be over-measured by the method oit-
lined above, which is based on the assump-
tion that the water surface over pools is
horizontal. The error created by this as-
sumption would nearly always be negli-
gible during low flows. For instance, if the
water surface over a 100-ft-long pool
slopes 0.5 percent (a steep slope for Jow
flow), the average error in measuring re-
sidual pool depths will equal 0,25 fL. If the
error in using this assumption is unaccept-
able, however, a longitudinal profile of the
stream bed can be surveyed by using an
engineer’s level, After plotting the longi-
tudinal profile, residual depths are meas-
ured from honzontal lines extending up-
stream from riffle crests {fig. 1).

Given that the elevation of the down-
stream riffle crest sets the size of the resid-
val pool, any dimension—depth, length,
area, or volume—can be measured from a
planimetric map having depth contours,
Residual pool volume, for example, is the
difference between total pool volume and
the portion of pool volume higher in eleva-
tion than the downstream riffle crest.



APPLICATION

To iliustrale how this method can be
used, I descnibe below its application in
evalualing a strcam enhancement project
by Six Rivers National Forest. The Forest
placed three boulder clusters, five gabion
weirs, and six bankside deflectors in Red
Cap Creek, ncar Orleans, California, dur-
mg the summer of 1982 10 scour pools and
provide cover for juvenile siecthead trout
and chinook salmon (fig. 3). We surveyed
a longitudinal profile of the sireambed and
waler surface down the thalweg of the
channel before the structures were placed
(fig. 4}. We repeated the survey the next
summer afler a {lood in December caused
noticeable channel changes in reaches
both with and without structures. Residual
depths of all pools, including seven which
were notinfluenced by the struciures, were
measured from the profiles.

We compared maximum residual pool
depths measured before and afier the struc-

Figure 3—A reach of Red Cap Creek near
Grleans, California, was used to apply meas-
wromuents of residoal dupth to monitor pools.

tures were placed (fig. 5), as well as in-
specied the stream, 1o judge the effective-
ness of the structures to scour pools. Re-
sidual depth in pools without structures
decreased. Some boulders in riffies and
fast runs at locations 7 and 9 (fig. 3}, were
either buried, moved out of the reach, or
left too high on the channel bed to be
effective. Othersin fastreaches, such as at
locations 7 and 8, caused little scour,
However, most deflectors and boulder
clusters survived the winter and scoured
pools. Deflectors such as 2 and 11, that
were built along pre-existing poots,
scoured the deepest pools, although the
pool along structure 9, which was partially
destroyed and buried, decreased in depth.
Deflector 5 produced little scour, probably
because it lay behind a bedrock projection,
and deflector 13 became isolated from the
thalweg.

Considered as a whole, the project
seems to have preserved pool depth during
an interval of decreasing pool depth, de-

RED CAP CREEK
August, 1983

Artificial structures are identified by number
(1-14).

spite some failures of individua! stnt
tures. With error estimated at + 0.6
(twice median bed particle size), eig
structures increased residual depth signi
cantly, five caused no change, and o
resulted in a decrease in depth (fig. 5).
the pools without-structures, two show
no significant change and five showec
decrease in residual depth. Total p
depth cumulated longitudinally remain
essentially unchanged. Although or
structure 11 created a pool as deep ast
major natural pools, the structures i
creased pool numbers from 11 to 20,

This method allowed us to quickly a
conveniently monitor the cffects of st
tures on pools. The entire project took
total of 3 days to survey the profiles anc
days to analyze the data. This method w
alsoused to detect changes in pools assox
ated with remhoving woody debris fro
small streams’in Alaska.®

Expilanation
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above show an increase. New pools formed
around structures plot along the ordinate.

draulics Division, American Society of Civil Engt-
neers 104:1587-1603.

% isle, Thomas E. 1985. Effects of woody debris on
anradromows salmonid habital, Prince of Wales Is-
land, southeast Alaska. North Amenican Joumnal of
Fisheries Managemen: 6{4): 538-550.

The Author

is & research hydrologist assigned 1o the Research
Unit at Arcata. He holds three degrees in geology—
a B.A., from Comell College (1970}, an M.S., from
the University of Montana (1972); and a Ph.D., from
the University of California at Berkeiey, Calif.
(1976). He joined the Forest Service in 1977,




version 7/16/89 APPENDIX A-2

Figure 2. Example of selecting appropriate sampling intervals.
The following symbols i1ndicate channel unit types:

C) Scour Ppool (SCP)
{7 Low Gradient Riffle (LGR)

[] Giide (GLD).

scps,...lz..é.rt-*m...
a_#.~b.xLo

Pi/}“ru.uf..j M.jz: ad-/o




APPENDIX H.

SUMMARY OF T/F/W STREAM MONITORING PARAMETERS

1990 FIELD SEASON
PARAMETER METHOD FREQUENCY FORM
1. Segment Summary - Form 1
Watershed WRIA # One # for segment 1
Stream size Order {map) One # for segment 1
Discharge flow meter Once within a segment 2, 4A, 4B
at beginning of Habitat Survey
Location T,R, Sec Beg. & end of segment 1
Turning Points 1,2,3,4A,4B
WRIA 1,2,3,4A,48
Elevation Map Beg. & end of segment 1
Reference Points Survey to fixed point Beg. & end of segment 1
2. Horizontal Control Survey - Forms 2 and 3
Turning Points Azimuth as needed 2

Photo Points
Substrate
Embeddedness
Gradient
Bankfull Width
& Depth

Mass Slope Failures
Bank Cutting

distance between points
Horizontal control survey
particle size distribution

% covered by fines (code)

clinometer

measure

estimate
bracket w/turning points

facing upstream at turning points
at selected riffles 3
at selected riffles 3

upstream & downstream of 3
bankfull measurements

at selected locations 3

as encountered 3




APPENDIX H. contd

PARAMETER METHOD FREQUENCY FORM

3. Habitat Unit Survey - Forms 3, 4A, and 4B

Unit Type identify with code every unit 4

Length & visually estimate measure each unit and a fraction 4A, 4B

Wwidth of the units for calibration

Depth measure max and crest outlet at pools 4A, 4B
average depth at other units

Obstructions code pool units onl.y 4A, 4B

Woody Debris # of logs/root wads/jams each piece once, 4A, 4B

as encountered

Riparian Vegetation

Seral Stage Code Each unit 4A, 4B

Vegetation Type Code Each unit 4A, 4B

Land use Code Each unit 4A, 4B

Canopy Clos Densiometer Measured Units 4A, 4B




